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RETROLENTAL FIBROPLASIA* 
EARLY DEVELOPMENT AND THE EFFECT OF 


ACTH IN TREATMENT 


BY 


C. A. BROWN anp BERYL CORNER 
From the Departments of Ophthalmology and Child Health, University of Bristol 


RETROLENTAL fibroplasia is a disease developing in both eyes of premature 
infants after birth, in which an opaque vascularized membrane forms behind 


the lens. It was first recognized by Terry (1942a, b) as a separate entity. 


Incidence 


The incidence of the disease appears to vary from country to country, and from 
place to place in the same country (Kinsey and Zacharias, 1949). American 
writers have quoted the incidence as 7 per cent. (Owens and Owens, 1949a; Gilger, 
1949) in infants of 44 Ib.or less at birth, and as 12 per cent. (Terry, 1945), 15 to 20 
per cent. (Owens and Owens, 1949a), and 23 per cent. (Clifford and Weller, 1948) in 
those of less than 3 lb. at birth. From Australia an incidence of 15 per cent. in 
premature infants in Melbourne is reported by Campbell (1951), and from Paris an 
incidence of 7.5 per cent. is quoted by Lelong and others (1951). Cross (1950) 


gives a complete review of the earlier literature. 
As indicated above, there is considerable evidence that the incidence of the disease 


increases as the birth weight decreases. King (1950) followed the original series 
of Terry (1945), and found that of 238 cases of retrolental fibroplasia, all were under 


5b. at birth, 85 per cent. were under 41b., and 44 per cent. under 31b. In 


Great Britain, Moffatt (1950) found that four out of twelve babies blind from the 


disease had a birth weight of under 3 [b., and the remaining eight had birth weights 


of-3 to 34 1b. In King’s series of 238 cases of retrolental fibroplasia there 


were 52 sets of twins and two sets of triplets. Of these, the disease developed in 
one twin in eighteen sets and in both twins in eight sets, while one twin in each of 


the remaining sets died. Apart from its occurrence in twins, where prematurity 
is probably the causative factor, the disease does not occur in other members of 


the same family. 
Since January, 1946, at Southmead Hospital, Bristol, 434 babies weighing 


4 1b. 6 0z. or less at birth have survived (i.c., babies in the three lowest weight 
groups of the Ministry of Health classification of prematurity, 1951). The after- 


history of all these cases has been followed for long enough to be certain that all 
the advanced irreversible cases of retrolenta) fibroplasia are known to us. In 


addition to the four cases successfully treated as described below, there were twelve 
* Received for publication January 14, 1952. 
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TABLE I 
CASES DIAGNOSED AS ADVANCED RETROLENTAL FIBROPLASIA 
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Date of Birth Weight | 
Case Sex Birth Remarks 
| lb. oz. | 
4. VS | F | 8/9/47 eee ee | 
2.8. Fl mea} 2 Other twin died at 25 hrs 
ier | | 
3. P.L,- | ©} 12/11/47 | 2 | 144 | pi 
ne. PE Me tS { 15 | Severe mental deficiency 
5. CS. ...| M | 15/8/49 | 3 | 7 | Moderate mental backwardness 
6. G.P. M | 5/12/49 2 14 Eye removed surgically for diagnosis 
Twin II | Other twin died at 32 hrs 
7 On | M | 6/5/50 | 3 6 | nt 
8 G.M. M | 9/5/50 a [1 | At 
9 S.w. | F | 21/5/50 | 2 | 13 | Other twin died at 23 days 
Twin I | | | 
10. D.P. | F | 26/6/50 | 3 | 11 | Died from measles encephalitis at 
| | | 7 months 
| ae io pa F | 6/7/50 2 | 7 Left eye removed for diagnosis 
12, M.M. ...| M 12/1/51 3 | 3 ma 

















other severely affected children (Table I). This is a total of sixteen cases in nearly 
6 years, giving an incidence of 3.7 per cent. for babies in this weight range. It 
should be noted, however, that during the last 10 months, when all babies of this 
weight group had been regularly examined ophthalmoscopically, the four success- 
fully treated cases were found among 57 babies, an incidence of 7 per cent. No 
case is known to have occurred in any heavier premature baby born during this 
period, although altogether approximately 800 additional babies weighing 5 Ib. 8 oz. 
or less at birth survived. It will be noted that nine out of the sixteen cases weighed 
3 to 4 lb. at birth, and the other seven cases less than 3 lb.; for all these babies the 
gestation periods lay between 30 and 34 weeks. The heaviest child was 4 lb. 1 oz., 
and five out of the sixteen cases were twin infants, the other twin having died or 
being unaffected. Since the number of babies under 3 lb. at birth who survive 
is very much smaller than the number of those between 3 and 44 lb., these figures 
also show the greatly increased incidence of the disease in the lower birth weight 


groups. 
Aetiology 


So far the aetiology of the disease remains obscure. No common causative 
factor has been found in family history, maternal complications during 
pregnancy or at delivery, or in the neonatal treatment of the infant. Various 
suggestions have been made by different writers: ritowe 
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RETROLENTAL FIBROPLASIA 283 
(1) Persistence and Hyperplasia of the Hyaloid System.—The original 


suggestion of Terry (1942a, b) was that retrolental fibroplasia was due to a 
persistence and overgrowth of the hyaloid system. Owens and Owens 
(1949a) were the first to observe the disease developing in normal eyes in 
which the hyaloid system had completely atrophied, and their conclusion 
that the disease is not the result of overgrowth of a persistent tunica vasculosa 
lentis has since been amply confirmed (Reese and Blodi, 1951). 

(2) Vitamin E Deficiency.—This was suggested by Owens and Owens 
(1949b) as a causative factor, and their earlier work appeared to give some 
encouraging results, if Vitamin E was given in the early stages. But their 
claims have not so far been substantiated, for both Reese and Blodi (1951) 
and Kinsey and Chisholm (1951) found that vitamin E administration made 
no significant difference to the incidence of retrolental fibroplasia if given 
from birth or early in the disease. Nor did withdrawing vitamin A and iron 
(which inhibit the availability of vitamin E) and giving vitamins D and C in 
water-miscible form have any effect (Kinsey and Chisholm, 1951). 

(3) Oxygen Toxicity.—It has been suggested that premature babies are 
unable to tolerate high oxygen concentrations in the incubator. Campbell 
(1951) quotes figures from Melbourne in support of this hypothesis—that 
18.7 per cent. of 123 premature infants in high oxygen concentrations 
developed the disease, while only 6.9 per cent. of those in lower oxygen 
concentrations developed it. Further investigations of this are required. 

(4) Deficiency of Adreno-Cortical Hormones.—Reese and Blodi (1951) have 
suggested that the condition is due to a deficiency of the adreno-cortical 
hormones. Their argument is as follows: 

It is known that the mother’s blood contains a large amount of these hormones 
during pregnancy, especially in the last 3 months. It is also known that cortisone 
prevents the growth of new blood vessels and decreases cellular exudation and 
capillary permeability. The premature infant may well be deficient in this 
hormone owing to its premature birth, and the angiomatous condition of retrolental 
fibroplasia may be allowed to deyelop unchecked. Hence ACTH, through its 
production of cortisone, may be of value in damping down these changes until 
such time as the baby’s own adrenal cortex takes over. 

In support of this theory, Reese and Blodi (1951) quote an increased 
incidence of skin haemangiomata in their cases of retrolental fibroplasia 
(15 per cent. as compared with 3 to 10 per cent. in unaffected premature 
infants). They also quote a post-mortem examination of a case of early 
retrolental fibroplasia where there was found to be a hypoplasia of the 
adrenal glands (for further discussion see under “ Treatment ” below). 

It seems that while a deficiency of the adreno-cortical hormones may play 
an important part in the aetiology of the disease, there may well be some other 
factor of an infective, toxic or other nature still to be discovered. 


Clinical Course 


It has now been definitely established that babies who later develop retrolental 
fibroplasia are born with normal eyes—normal, at any rate, as far as ordinary 
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external and ophthalmoscopic examination is concerned. Frequently the 
remnants of the hyaloid system are present at birth, but these usually disappear 
before the onset of the disease. 

The clinical course can be divided into two stages: 

(I) Acute, when the disease is active and rapidly progressive. 

(ID) Chronic, when organization and cicatrization occur. 

The acute stage was first observed and fully described by Unsworth (1948) and 
by Owens and Owens (1949a). These observations were confirmed by Reese and 
Blodi (1951). The earliest changes consist essentially of dilatation of the retinal 
vessels and retinal haemorrhages, followed by subretinal oedema and neo- 
vascularization on the surface of the retina and in the vitreous. In this paper 
further detailed observations of these changes are made and the effect upon them 
of ACTH therapy is described. 

Method of Examination.—Routine ophthalmoscopic examination has been carried out 
on all premature babies weighing under 44 Ib. at birth born in Bristol Premature Baby 
Units for 10 months. The baby is first examined between the 10th and 14th day, and 
thereafter at weekly intervals till the 8th week or later. The pupils are dilated with 
homatropine drops 1 per cent., no anaesthetic is used, and the fundi are examined in the 
dark using a baby speculum for lid retraction and a mains (6-volt) ophthalmoscope. No 
difficulty has been experienced in examining the whole fundus, including the extreme 
peripheries, by this method. At the age of 6 or 8 weeks the baby has become too restless 
and a general anaesthetic is usually required. All the fundus paintings have been recorded 
as seen from above the infant’s head, as this is the position from which all infants have 
been examined in this series. 


I. Acute Stage 

(a) PRELIMINARY SIGNS.—In this series of 57 babies of 44 1b. or less at birth, 
four cases of early retrolental fibroplasia have been found. The onset of the 
disease usually occurs between the 3rd and 6th week of life, and all four cases 
described here developed the first signs of the disease in this period. The first 
signs are dilatation and tortuosity of the retinal vessels. The veins become 
enormously dilated (up to three times their normal calibre) and somewhat tortuous, 
while the arteries become less grossly dilated but extremely tortuous. Scattered 
superficial retinal haemorrhages were seen in one case only (Fig. 1(a)). 

These changes are frequently reversible and are insufficient for a diagnosis of 
retrolental fibroplasia. In this series ten other babies developed a dilatation and 
tortuosity of retinal veins (twice or three times their normal calibre) and then 
reverted to normal without treatment. The time of onset is usually between 
the 10th day and the 5th week, but it may occur even later in the lowest 
birth weight groups—e.g., the 9th week in an infant of 1 lb. 14 oz. (Table ID). 
The larger babies (over 34 1b.) tended to develop the dilatation earlier (10th to 
17th day), while the smaller babies (under 34 lb.) developed it later (21st to 32nd day 
or even later). But there were exceptions to this rule, e.g., Case 5 in Table II, 
where the dilatation was present on the 10th day in a baby of 3 lb. 4.0z. Two cases 
also developed peripheral tortuosities of the retinal veins (the stage immediately 
preceding that of new vessel formation) on the 18th and 19th days, but reverted to 
normal 2 weeks later without treatment. Case 2 in Table II is interesting. This 
baby (birth weight 2 Ib. 15 oz.), the twin of one of the infants who developed the 
disease (P. F.), had normal fundi at 34 weeks, dilated retinal veins at 44 weeks, and 
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TABLE II 
PREMATURE INFANTS WHO DEVELOPED DILATED RETINAL VEINS 
BUT NOT RETROLENTAL FIBROPLASIA 


| { | 
Age in weeks 
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No. [ Weegee first pers oag Reversion | Other Features 
Ib on Seen eaten | to Normal | 
| 3 os | | 
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iy Si 15 | 34 44 | 8 Localized retinal oedema at 54 weeks 
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| | 
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5 $0) | 14 | 14 44 Peripheral tortuosities of veins at 
18th day 
Congenital obstruction of bile ducts 
| Died at 6 weeks 
Ble ee ee end ~ 
| | } / 
#13 See hee oe BS. dhe 
8 ee, 114 | 24 | 24 | h | Peripheral dilatation and tortuosities 
| of veins at 19th day 
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further dilatation of veins and patches of localized retinal oedema near the disks 
at 54 weeks. Then at 74 weeks choroidal atrophy replaced the areas of oedema 
and at 84 weeks the retinal veins became normal in calibre. The fundi are now 
within normal limits and the baby’s vision appears to be normal. The larger 
twin (P. F.), 3 lb. 7 oz. at birth, was treated with ACTH but nevertheless developed 
the disease and is now blind (see under “‘ Treatment ” below). 


(b) LATER DEVELOPMENTS.—There now occur two changes which make the 
diagnosis of retrolental fibroplasia certain: 
(1) New Vessel Formation (retinal and vitreous). 
(2) Subretinal Oedema with Retinal Detachment. 
These changes were first seen between 34 and 6 weeks of age (Table III, overleaf). 


(1) New Vessel Formation.—Reese and Blodi (1951) observed that this was a 
feature of the disease, but that it was sometimes difficult to detect in the absence 
of subretinal oedema. In this series no difficulty was experienced in detecting it 
in each case. It occurred in several different ways: 

(i) Along the course of the main retinal veins, as tributaries splitting off and rejoining 
the main vein. This feature was well seen near the disk in Case 4 (Fig. 4(a)), and was 
also present in Case 1 (Fig. 1(a)), and in Case 3 (Fig. 3(a)), just before the area of 
retinal oedema in the periphery. ; 

(ii) As new vessels related to areas of oedema, being buried in or surmounting these 
areas. These often have a corkscrew course as they cross the areas of subretinal oedema 
(Fig. 2(a)). 
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TABLE Iil 
AGE AT ONSET IN FOUR CASES OF EARLY RETROLENTAL 
FIBROPLASIA 
| | | 
Ageat | 
Date of | Birth Duration | Onset of | 
Case (Sex| Birth Weight of Retrolental | Comments 


Pregnancy | Fibroplasia 
Ib. | oz. | (weeks) (weeks) 
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1. (L. G.) | F | 20/2/51| 3 | 0 | 32. | 6 | Retinal vessels nor- 
(Figs 1 | mal at 4 weeks 
and 5) | | | | 
2. (P.F.) | F| 13/5/51} 3 | 7%] 32 | 34 | May have been 
(Figs 2 earlier 
| Baby unfit for 
| 
| 


and 6) | 
| | 

| a 

| 











and 8) | neat 
| ft 34 

(iii) As networks of new capillaries, which form in relation to areas of subretinal oedema 
in the periphery of the fundus. These tend to be most marked at the transition point 
from normal to detached retina, and are shown very clearly in Cases 1, 3, and 4 (Figs 
1(6), 3(6), 4(6), and 4(c)). 

(iv) As new vitreous vessels budding off retinal veins. This occurs at the same time as 
the new capillary formation, or a little later. They bud at the areas of densest capillary 
network from the retinal surface into the vitreous at any angle. They usually originate 
from a large retinal vein, and have been easily visible in three cases. In Case 1 the 
vitreous vessels continued to grow as the capillary network on the retinal surface gradually 
subsided (Figs 1(b) and 1(c)) between 11 and 14 weeks. In Case 2 a diffuse vitreous 
haze covering half the fundus between the 6th and 10th weeks of life made it impossible 
to see individual vitreous vessels (Fig. 2(b)) and only later did these become visible. 
In Case 3, as soon as ACTH was stopped at the 8th week, vitreous vessels started budding 
in one temporal quadrant (Fig. 3(6)) and continued to grow (Figs 3(c), 3(d)) until the 
3rd month. They were also seen in Case 4 (Figs 4(b), 4(c)) between the 9th and 11th 
weeks, and later as a free vitreous floater (Fig. 4(d)). In three cases that were successfully 
treated, the vitreous vessels became obliterated at their origin from the retinal vein and 
were completely absorbed, normal fundi resulting between the 3rd and 4th month of 
life (Figs 1(d), 3(e), 4(e)). In Case 4, a few new vitreous vessels appeared as soon as 
treatment was stopped at 114 weeks, indicating that the disease was still active up to 
3 months. 

(v) As new vessels on the iris, which becomes vascularized as the disease becomes more 
active, so that it becomes difficult to dilate the pupil with mydriatics. This usually occurs 
about 2 weeks after the onset of the disease. In the three cases which responded to 
treatment, this vascularization gradually subsided, but it persisted longer in one which 
developed membranes (Case 2). Fig. 2(d) shows the appearance of the iris in Case 2 
at the 3rd month. 


3. (R. W.) |M| 22/6/51 | 3 | 8 5 | May have been 
(Figs 3 earlier e 
and 7) | Treatment deferred 
| | | | till 6th week 
4. (C. B.) | F | 28/7/51 | Meee ae eee ches 5 Retinal vessels ab- 
(Figs 4 | normally thin at 
| 3 weeks of age 
| | 
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(2) Subretinal Oedema with Retinal Detachment.—This appears to be an 
essential feature of the disease. It may occur initially (Figs 2(a), 3(a)) or at a 
later stage (Fig 4(c)). It usually starts in both eyes as a localized circular patch 
or patches of oedema, resembling acute choroiditis, on the course of a main 
retinal vein, more frequently temporal than nasal, and, if peripheral, it spreads to 
involve half or the whole of the periphery of the fundus. The disease is always 
bilateral, but frequently more advanced in one eye than the other. This Jocalized 
oedema must be distinguished from the generalized peripheral grey-white reflex 
present in the extreme periphery of the eyes of all premature infants (Figs 3(a) 
and 4(a)). In Case 2, the oedema appeared early (34 weeks) and was extensive 
(Fig. 2(a)). 

With treatment the oedema gradually subsided, and areas of choroidal atrophy 
(Fig. 2(5)), choroidal thinning (Fig. 4(e)), or normal fundi (Figs 1(d), 3(e)) were 
left. If untreated, cases have been seen to go on to develop total retinal detach- 
ment from the enormous increase in this oedema (Owens and Owens, 1949a), and 
one of our treated cases did this (Case 2). 

There appears to be a definite connection between the new vessel formation and 
the subretinal oedema. Whatever factor is responsible for the disease appears to 
act simultaneously on both retinal and choroidal circulations, causing dilatation 
of the retinal vessels and new vessel formation on the one hand, and subretinal 
oedema from increased capillary permeability on the other. In Cases 2 and 4 it 
could be observed that as the new vessel formation and oedema subsided near the 
posterior pole, the changes in the anterior half of the retina and the iris became 
more marked, as if the disease was moving more anteriorly. 


II. Chronic Stage’ 

ORGANIZATION AND Fiprosis.—The development of this stage has been fully 
described by Owens and Owens (1949a) and by Reese and Blodi (1951). Both the 
increasing subretinal oedema and the organizing vascularization of the vitreous 
tend to cause retinal detachment, and a complete retrolental membrane is formed 
by a combination of these factors. 

This stage has been seen to develop in only one of our four early treated cases. 
This was in Case 2, where between the 6th week and 3rd month the invasion of the 
vitreous by a dense network-of fine capillaries was associated with increasing sub- 
retinal oedema in the same (nasal) half of the fundi. By the 3rd month retinal 
detachment and fibrosis of the vitreous had, despite treatment, gradually filled the 
nasal half of the globe from the ciliary region back to the disk (Figs 2(c), 2(d)), 
while an atrophic retina with pigmentary changes and very attenuated retinal vessels 
was still visible in the temporal half of both eyes (Fig 2(c)). The process of 
vascularization and fibrosis gradually extended to fill the whole vitreous, and the 
temporal retina was obliterated by the 4th month in one eye and by the 5th month 
in the other. -At the same time (3rd to Sth month) the anterior chamber became 
shallow and the iris atrophic, and the globes shrank. The late, or cicatricial, stage 
had now been reached. 


Differential Diagnosis 

(I) EARLY STAGE.—The only difficulty here is to decide when progressive 
retrolental fibroplasia is present, as opposed to dilatation and tortuosity of 
the retinal vessels, with or without haemorrhage, which may be self-limiting. 
Further observation without treatment is advisable in cases of doubt. 
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(II) LATE (CICATRICIAL) STAGE.—In the late stage of formation of complete 
retrolental membranes, the disease must be distinguished from several other 
conditions. 

(i) Retinoblastoma (Glioma of the Retina).—Retinoblastoma has no association 
with prematurity. .In bilateral retinoblastoma, where the tumours fill the vitreous 
chambers, the globe is of normal size, the tension normal or raised, the anterior 
segment usually normal, and the surface of the ““ membrane ”’ often nodular. 

In retrolental fibroplasia, on the other hand, the globe is often microphthalmic, 
the tension soft, the anterior chamber shallow, and the iris atrophic; posterior 
synechiae are present, and the membrane is smooth and vascularized. 


(ii) Pseudoglioma.—It seems likely that some cases previously diagnosed as 
pseudoglioma were in fact cases of retrolental fibroplasia. Pseudogliomata are 
inflammatory in origin and include such conditions as tuberculous: uveitis and 
metastatic endophthalmitis. Previous signs of inflammation, including keratic 
precipitates, are always present, and the condition has no direct association with 
prematurity. , 

(iii) Persistence and Hyperplasia of the Hyaloid System.—The condition is usually 
unilateral and occurs in full-term infants. A complete retrolental membrane may 
be formed because of a persistence of the hyaloid artery and posterior part of the 
fibrovascular sheath of the lens. The vitreous chamber may be filled with fibrosis 
from overgrowth of the primary vitreous (see Reese (1949) for further discussion). 


(iv) Dysplasia of the Retina (Krause, 1946; Reese and Blodi, 1950).—This is a 
bilateral condition occurring in full-term infants and is part of a general encephalo- 
ophthalmic dysplasia. It is associated with many other congenital abnormalities, 
especially in the brain, cardio-vascular system, and skeleton. Mental retardation 
is common. 


Treatment with ACTH 


(A) Review of Literature.—The largest series of cases treated with ACTH so far 
reported is that of Reese and Blodi (1951) who treated a series of fourteen early 
cases. They gave 20-25 mg. ACTH daily for 14 days, and a second course was 
given in two cases which relapsed on stopping treatment. Of these fourteen cases, 
none developed retrolental membranes. Some had normal fundi, and some had 
white masses of tissue far in the periphery. In a similar series of eight cases, which 
were untreated, three developed complete membranes, three developed partial 
membranes, and two had white masses of tissue in the periphery of the fundi. 
Scheie and others (1951) reported five cases, but only two of these, as the authors 
point out, gave reliable data as to the value of ACTH in the disease. Of the five 
cases, one died, one was given insufficient treatment, and one was too old before 
treatment was started (5 months). Of the remaining two, one was a failure, and 
one a success. One case was that of a baby of 23 lb. at birth who had signs of 
severe retrolental fibroplasia at the 72nd day. ACTH was given in doses of 
10 mg. per day, increased to 20 mg. per day 4 days later. Despite this, the 
baby deveioped bilateral membranes. The other, an infant of 4 Ib. 2 oz. at birth, 
developed early retrolental fibroplasia at the 24th day, and was treated with 8 mg. 
ACTH per day for 14 days; the condition settled and the fundi became normal. 
Other observers report little success. McLean and others (1951) treated five 
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cases with 25 mg. ACTH per day: two were fully developed before treatment and 
were not affected; three were early, and of these two appeared to regress, though 
one of them relapsed after treatment was stopped (re-institution of treatment 
might have been of value in this case). Fitzgerald and others (1951) reported 
three cases treated with 3 mg. ACTH per day. Treatment was started at 2 
months in one case and at 1 month in the two others. No improvement was found 
in any case (dosage here appears to have been rather small). Woods (1950, 1951) 
reported five cases treated with 25 to 40 mg. per day with no improvement. No 
further clinical details are given by the last three observers. In the absence of 
data on birth weight, age at onset of disease and at start of treatment, and duration 
of treatment, it is difficult to make an accurate assessment as to the value of ACTH 
in treatment. It is possible that earlier or more continued treatment, or larger 
doses of ACTH might have given bettef results. It is significant that in the success- 
ful cases reported, treatment was always started early, usually between the 3rd and 
5th week. These findings are supported by the cases now to be described. 


(B) Description of Authors’ Cases and Treatment 


(1) GENERAL CARE.—The routine method of nursing and feeding was used for 
all the cases described. All the infants were nursed in oxygen incubators or in 
the Queen Charlotte’s Hospital type infant’s oxygen tent; the rate of flow and length 
of time in oxygen depended on the general condition of the baby. Feeding is 
begun at a varying time after birth according to the child’s “‘ demand”. Human 
milk, diluted for the first 3 to 4 days, is given for 14 to 20 days, when, if the infant 
is not breast-fed, a gradual change-over takes place to Frailac (a proprietary dried 
milk with low protein and fat and high sugar content). At approximately 
54-54 lb. another gradual change to a half-cream dried milk is made. Synthetic 
vitamin K 10 mg. is given 8-hourly for the first 5 days, at first intramuscularly and 
subsequently by mouth. Vitamins A and D are started on the 7th day in gradually 
increasing doses up to 2,250 units vitamin D daily by the 17th day. Ascorbic acid 
5 mg. is also started on the 7th day and the dose is increased by 5 mg. daily up to 
50 mg. daily. The only other diet supplement received normally is iron, which 
is started at 4 weeks of age, the routine preparation used being ‘‘ Neoferrum ”’, 
dose 1 minim daily, increasing gradually up to 5 minims by 2 months. 

All the cases described had no evidence of any congenital abnormalities, and 
have shown no tendency to develop cutaneous angiomata. 


(2) TREATMENT OF ADVANCED RETROLENTAL FIBROPLASIA.—Treatment 
with ACTH was tried first on Cases 9 and 11 (Table I). Case 9 had bilateral 
advanced membranes and appeared totally blind. She was aged 7 months. 
The eyes showed shallow anterior chambers, atrophic irides, posterior 
synechiae, and microphthalmos. The dosage employed was 12.5 mg. 
6-hourly, and this was continued for 14 days and subsequently reduced to 
half dose. Treatment over a period of 4 weeks produced no alteration in 
the eye condition. 

Simultaneously Case 8, who was approximately the same age, had a 
complete retrolental membrane in the right eye, with a normal anterior 
segment; in the left eye there was a vitreous band running from the disk to 
the ciliary region on the temporal side. This baby was given cortisone by 
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injection, 50 mg. twice daily, continuously, but in tapering dosage, for 4 
weeks, and was then restarted for a further fortnight after a short interval. 
No change was seen in the eye condition during this period. Both these 
children have been observed regularly since. Their general development is 
satisfactory, but unilateral microphthalmos has developed in Case 8 and 
apart from some perception of light in this case, they appear quite blind. 

Case [1 lived some distance from Bristol so that only very infrequent visits 
were made to the follow-up clinic. Just before the age of 5 months, opacity 
of the left pupil was noticed by the mother, and the child was seen by an 
ophthalmic surgeon, who removed the eye as a possible case of glioma. The 
section confirmed the diagnosis of retrolental fibroplasia. She was seen by 
us about 4 weeks later. There was coarse nystagmus in the right eye, and 
two retinal septa and three vitreous bands were evident. She was treated 
with ACTH 50 mg. daily for 4 weeks, which was then reduced to half dosage 
for a further 4 weeks. There was slight improvement in the condition at the 
end of this period, one retinal septum being absorbed. This may have been 
a spontaneous change, since some further clearing of the vitreous bands 
occurred by the age of 15 months. At present, at the age of 18 months, this 
child is healthy, well-developed mentally, and has some limited vision. 

A surgical removal of the membrane was attempted in Cases 9 and 12 
(Table 1). \ As described by Reese (1949) and Reese and Blodi (1951), a 
scleral incision was made and a fine hook was introduced behind the lens. 
An attempt was made to draw the membrane out of the pupil, but no improve- 
ment was obtained in either case. 

These first three cases were all closely watched for evidence of metabolic 
disturbances. Daily weighing showed that after a few days of normal gain 
the weight tended to remain stationary throughout the period of treatment 
and that appetite was capricious towards the end of treatment. Daily 
eosinophil counts showed definite reduction in Case II, but no obvious 
changes in the other two patients. There was no glycosuria and no significant 
effects on blood sugar. Daily serum sodium and potassium estimations were 
made and showed no gross alterations. It was therefore considered 
unnecessary to make these somewhat time-consuming observations on sub- 
sequent patients. After cessation of treatment, all appeared to make 
satisfactory physical and mental progress. Two other advanced cases with 
obvious bilateral membrane have also been treated, but in view of the 
negligible result in‘such cases treatment was abandoned after 2 weeks. 


(3) TREATMENT OF EARLY RETROLENTAL FIBROPLASIA 
(i) General Effect of ACTH (intramuscular).—Four early cases will now 
be described in detail (Table IV). The effect of the preparation on the 


general condition of the babies was not evident for a few days, but weight 
gain and developmental progress then appeared to be slower than normal 


during the period of treatment. The typical “ moon-face ” developed in 
each case after about four weeks and at the same time the child became less 
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TABLE IV 
RESULTS OF TREATMENT WITH ACTH IN FOUR CASES OF EARLY 
RETROLENTAL FIBROPLASIA 
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Date of Birth ACTH Age | Age at 
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rng | Ib. | oz. | Daily | Total | (weeks) 
1. a. G) le | 20/2/51 | 3 | 0 | 20-25/ 1,050! 75 6 | 14 | Normal fundi 
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4. (C. B.) | F | 28/7/51 | 3 8 | 20-25 |1,414| 5 11 | 17 | Normal fundi ex- 
(Figs 4 | | cept for white 
and 8) | | | tissue in far peri- 
pheries 
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active, less interested in food, and easily irritated; colour became sallow 
although there was no obvious anaemia, and although the volume of urine 


was not actually measured the nursing staff commented on the large quantity 
the infants appeared to be passing. Two cases developed attacks of head 
jerking and twitching of the limbs, suggestive of minor convulsions. The 
blood pressure was only taken regularly in the most recent case, and here after 
5 weeks’ treatment the systolic pressure was 270 mm. 

After cessation of treatment very rapid gain in weight and skeletal growth 
occurred, so that by the age of 6 months the children were of comparable 
size with other children in the same birth weight group. In three of the four 
cases mental development progressed rapidly also and appeared normal, but 
the child who required the higher dosage is still retarded compared with her 
twin. The twitching movements persisted for about 4 weeks but have now 


ceased completely. The case with hypertension has resumed a systolic blood 
pressure of 85 mm. after 6 weeks. 





(#) Progress in Individual Cases.—The early signs of progressive retrolental 
fibroplasia were present before the start of treatment in each case. The 
presence of Stage I(a) was not considered to be an indication for starting 
treatment, as this stage is known to be reversible. When the disease had 
progressed to Stage I(b) (localized subretinal oedema and new vessel 
formation), this was taken as an indication for starting treatment. 
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Case Reports 


Case 1, L. G., female, born February 20, 1951 (Figs 1 and 5) 

(1) GENERAL PROGRESS BEFORE TREATMENT.—The mother, aged 32, had had three 
previous pregnancies: in 1942, after 38 weeks’ gestation, a forceps delivery of a healthy 
child, in 1944 a full-term normal child, and in 1945 a miscarriage at 8 weeks. Her blood 
group was A Rh positive with no abnormal antibodies, On this occasion she had 
severe pre-eclamptic toxaemia for which Caesarean section was performed at 32 weeks 
using pentothal, cyclopropane, and oxygen anaesthesia, which was administered for 15 
minutes before delivery.. The infant, who weighed 3 lb., length 16}”, head circumference 
{{4%, was severely asphyxiated at birth. After one initial gasp she failed to breathe for 
5 minutes, and resuscitative measures included intravenous lobeline gr. { (40 and oxygen: 
respirations were established in about 10 minutes but were rapid, shallow, and irregular 
for the first 24 hrs, and generalized twitching occurred when the baby was disturbed, 
She was nursed in an incubator with oxygen flow of 2 to 3 litres per minute for 28 days. 
On the 3rd day she became jaundiced and subsequently developed a few pustules on the 
skin of the neck, whence Staph. aureus was cultured. Distaquaine 150,000 units twice 
daily intramuscularly was started on the 5th day and given for 5 days. The jaundice 
became very marked on the 6th day, and her condition became very poor. with a tendency 
to cyanotic attacks, and some dehydration. She was therefore given Darrow’s solution 
100 ml. subcutaneously with hyalase during the next 24 hrs. Her haemoglobin at this 
stage was 122 mg. per cent. and her blood bilirubin 20 mg./100 ml. Feeding was started 
by oesophageal tube at 67 hrs with diluted human milk. During this first week body 
temperature fluctuated between 96°-99° and the infant remained lethargic and unable to 
suck. On the 14th day she developed a small abscess on her thigh and was therefore 
given a second similar course of Distaquaine. On the 18th day her haemoglobin had 
decreased to 46 per cent. Her blood group was A Rh negative, and direct Coombs test 
was negative. She was given a transfusion of 45 ml. packed blood cells Group A Rh 
negative. Following this her general condition greatly improved and on the 20th day 
weaning from human milk to Frailac was begun. On the 22nd day. it was noticed that 
she did not respond normally, by blinking, to a light shone on her eyes. She was by now 
making very steady weight gain, but bottle feeding was not possible until the 37th day 
and tube feeding was accordingly not abandoned ‘until the 46th day. The change to 
half-cream Cow and Gate was begun on the 52nd day and completed by the 64th day. 
The usual vitamins and iron supplements were given. 


(2) EYE PROGRESS DURING TREATMENT 

(a) Clinical Picture before Treatment—At 4 weeks, the fundi were within normal 
limits for a premature baby. The retinal vessels were normal, and there was the usual 
peripheral grey-white reflex in. both eyes. 

At 6 weeks, early retrolental fibroplasia was present, with very dilated retinal veins 
(three times their normal calibre), moderately dilated and tortuous arteries, peripheral 
corkscrew tortuosities of the veins, new vessel formation along the course of the main 
retinal veins, and increased peripheral subretinal oedema (Fig. 1a). At 74 weeks 
(April 12, 1951) the condition had progressed, and the irides had become vascularized. 
A course of ACTH 20 mg./day was therefore started and given for 2 weeks. 

(6) Effect of Treatment.—All the above changes decreased, except for the retinal veins, 
which remained grossly dilated. As the disease was apparently under control, treatment 
was stopped at 94 weeks. 

(c) Effect of stopping Treatment.—The condition in both eyes promptly relapsed, and 
the resulting fundus changes seen 4 days later are shown in Fig. 1b. A dense capillary 
network on the retinal surface developed in the temporal periphery of both eyes, with an 
increase in subretinal oedema in that area and an overlying vitreous haze. In one 
quadrant vitreous vessels could be seen starting to bud. 
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(a) 6 weeks ; (b) 10 weeks 


(c) 13 weeks (d) 21 weeks 
Fic. 1.—Case 1 (L. G.), left eye viewed from above. 


(d) Effect of restarting Treatment.—Full treatment was restarted at 10 weeks. There 
was a gradual subsidence of all these signs, except for the growth of the vessels into the 
vitreous, mainly in the temporal periphery. The subretinal oedema and capillary network 
gradually subsided in the next 3 weeks, but the vitreous vessels continued to grow larger 
(Fig. 1c). One isolated vessel grew half way between the. disk and temporal periphery 
(Fig. 1c), and, like the others, originated from a main retinal vein. By the 3rd month 
the retinal background was normal and a thinning of the base of the vitreous vessels 
occurred. Treatment was then stopped, and by the 5th month all trace of the vitreous 
vessels had disappeared and the fundi were completely normal (Fig. 1d). This baby, 
now aged 9 months, has normal fundi and, as far as can be judged at this age, normal vision. 


, (3) GENERAL PROGRESS DURING TREATMENT (Fig. 5).—ACTH 5 mg. 6-hourly was 
started on April 12, 1951. Her weight was then 5 lb. 100z. As her haemoglobin had 
again dropped to 60 per cent., a blood transfusion of 80 ml. was given on the same day. 
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Fic. 5.—Case 1 (L. G.) Fic. 6.—Case 2 (P. F.) 


During the first week of treatment the infant remained active with good appetite but lost 
40z. in weight and was considered to be passing rather more urine than previously, 
This was examined on several occasions but showed no abnormality. Subsequently, the 
baby became more restless, and less hungry, and gained 5 oz. in 4 days. 

On restarting treatment on the 71st day, with 25 mg. daily, the infant lost 3 oz. in 
weight during the first 3 days, but subsequently started to gain steadily. During this 
period she began to develop a fullness of the lower part of the face and remained rather 
pale. She started to hold her head up but was noticed to be rather stiff in the neck and 
tense when handled. Her appetite was very good and she was generally active, although 
a week later she was definitely irritable. Subsequently, her face became more swollen 
and she was very irritable and stiff. 

On May 28, 1951, ACTH was discontinued after a total dosage of 1,050mg. The 
child remained well, became less irritable, and began to gain weight more rapidly. 

On June 4, 1951, she was discharged home aged 104 days. Weight 8lb. 100z,, 
length 21”, head 13” in circumference. Four weeks later her pupils reacted to light. 
There was a tendency to irregular spasmodic movements of head and limbs, and 
nystagmoid movement of the eyes were very marked, but she was able to follow lights 
and moving objects. 

At 6 months, her general condition was very good. Weight 12 lb. 64 0z., length 234’, 
head 16’. She had a good appetite and was starting solid feeding normally. She held 
her head up well, smiled, and rolled from supine to prone position. Seemed very 
interested in surroundings and people, and appeared to make attempts to look at and 
grasp objects held in front of her. Some twitching movements of head and limbs were 
noticed occasionally. 
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On November 20, 1951, aged 9 months, weight 15 lb. 14 0z., length 26’, head 173”. 
She seemed a normal healthy child, with good colour, two teeth, fontanelle about normal, 
firm muscle tone, and no twitching movements noticed. She was feeding well and was 
able to sit with slight support, grasped and touched objects within reach, followed moving 
objects with her eyes and reached for them. 


Case 2, P. F., female, first of twins, born May 13, 1951 (Figs 2 and 6) 


(1) GENERAL PROGRESS BEFORE TREATMENT.—The mother, aged 24, a healthy woman, 
was in labour 27 hrs, during which she was given pethidine 100 mg. and gas and air 
analgesia. This child was delivered by forceps after 32 weeks’ pregnancy. Weight 
3 lb. 74 0z., length 16’, head circumference 114”. There was slight asphyxia which 
responded well to oxygen, although signs of atelectasis persisted for 3 days, and therefore 
prophylactic penicillin was given. There was some generalized oedema for 48 hrs, 
and a mild left facial palsy which cleared up completely. She was nursed in an oxygen 
tent with an oxygen flow of 2.5 litres per minute for 7 days. Her temperature was stable, 
and feeding followed the normal routine, starting with human milk and later changing 
to Frailac and then half-cream dried milk. Moderate jaundice appeared on the 2nd 
day and on the 11th day she developed slight skin sepsis which cleared in 5 days. Her 
condition was satisfactory in every way when, on the 25th day of life, early retrolental 
fibroplasia was diagnosed. , 

(2) EYE PROGRESS DURING TREATMENT 


(a) Clinical Picture before Treatment.—At the 25th day (June 7, 1951) early retrolental 
fibroplasia was present (Fig. 2a, overleaf). There were dilated, tortuous retinal veins 
(twice their normal calibre), and tortuous retinal arteries. Patches of subretinal oedema 
resembling acute choroiditis covered the posterior poles of both fundi, and there were 
tortuous'new vessels near the disks crossing these areas. There was a marked increase in 
subretinal oedema all round the periphery of the fundi. 


(6) EffectofTreatment.—ACTH 5 mg. 6-hourly was started immediately (June 7, 1951). 
At 54 weeks (June 21, 1951) there was a subsidence of the patches of subretinal oedema 
at the posterior pole, but a vitreous haze developed from the nasal side of both disks over 
the whole nasal half of each retina (Fig. 2b). Probably a massive growth of fine new 
capillaries took place into the vitreous (not visible with the ophthalmoscope) and at the 
same time there was probably an increase in the subretinal oedema. Dosage was then 
increased to 10 mg. 6-hourly, but despite this, by 3 months, an extensive nasal detachment 
had developed in both eyes with fibrosis of the vitreous in that area, secondary to 
vascularization of the vitreous (Figs 2c and d ; the latter shows an oblique view of the 
nasal membrane by focal illumination). As this nasal membrane formed, some large 
retinal vessels could be seen entering the vitreous from the edge of the remaining retina. 
A thin vertical veil of fibrous tissue, partly pigmented, covered the disk, and on the 
temporal side of this veil there was still a retina visible, but one which was atrophic and 
on which the retinal vessels were very thin (Fig. 2c). There was a network of fine vessels 
ramifying on the nasal membrane. Gradually, between the 3rd and Sth month, there 
was an extension of fibrosis of the vitreous over the remaining retinae to form complete 
retrolental membranes, and all red reflex was lost (Fig. 2e). 

The baby has now at 7 months the appearance of fully developed retrolental fibroplasia, 
with small eyes, shallow anterior chambers, atrophic irides, but no posterior synechiae, 
and bilateral retrolental membranes with some fine vessels on them. 

In this case there was some doubt as to the activity of the batch of ACTH used in the 
first few weeks of treatment, as the baby continued to gain weight despite full doses of 
the drug. A fresh supply was used 2 weeks later, but it is possible that by then certain 
irreversible changes had already occurred in the vitreous. 
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(a) 34 weeks (b) 54 weeks ” 





(d) 13 weeks 





(c) 13 weeks 





Fic. 2.—Case 2 (P. F.), left fun- 
dus viewed from above (a), (d), 
(c); left eye: external appearance 
from temporal side (d); left eye: 
— appearance from in front 
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(3) GENERAL PROGRESS DURING TREATMENT (Fig. 6).—At the start of treatment, her 
weight was 3 lb. 13 oz. and haemoglobin 66 per cent. During the following week 
her weight remained stationary for 14 days and then began to rise. As the haemoglobin 
dropped to 56 per cent. a blood transfusion of 70 ml. packed cells was given on June 20, 
1951. The next day the dose of ACTH was increased to 10 mg. 6-hourly, but despite 
this increase, she continued to gain weight and seemed very active for the first week and 
then the rate of gain was slowed down. Treatment was continued, but appeared to 
have little effect on the general state of the baby during the next fortnight. She started 
to gain weight again, fed very well, and developed some puffiness of the lower face. 
After a further 10 days there was another cessation of weight gain for a fortnight, despite 
adequate food intake and adequate progress otherwise. 

On August 13, 1951, ACTH dosage was reduced to 10 mg. twice daily for 3 days when 
it was discontinued. Altogether 2,440 mg. ACTH were given over 68 days. On cessation 
of treatment at 95 days, her weight was 7 lb. 104 oz., length 20’, head circumference 144”. 
After cessation of treatment there was a rapid gain in weight but the child remained with 
puffy face for about 4 weeks, and was also inclined to get bouts of irregular jerky move- 
ments of the head and limbs when disturbed. She made no attempt to smile. At 
5 months she was smiling but not so responsive to stimulation as the other twin and not 
holding her head up well. She had no nystagmus. 

By November 15, 1951, at 6 months, her weight was 12 Ib. 3 0z., length 234”, head 
circumference 16”, and the general condition was very good. She now follows a light 
and holds her head up, but makes no attempt to grasp objects. Her face has resumed 
its normal contour and all jerking movements have ceased. 

This patient’s twin has already been mentioned (Table II, Case 2); her general physical 
and mental development is definitely about 4 weeks more advanced. 


Case 3, R. W., male, first of twins, born June 23, 1951 (Figs 3 and 7) 


(1) GENERAL PROGRESS BEFORE TREATMENT.—The mother, aged 26, was a healthy 
woman who had had one previous normal full-time child. During labour, which lasted 
3 hrs, she was given pethidine 100 mg. and gas and air analgesia. The delivery after 
a pregnancy of 32 weeks was by the vertex and the child showed no evidence of asphyxia. 
His weight was 3 Ib. 8 oz., length 16’, head circumference 114”. His condition after 
birth was very good, and the lungs expanded rapidly, but there was slight generalized 
oedema for the first 48 hrs. On the 3rd day slight jaundice developed. He was 
nursed in an oxygen tent, with an oxygen flow of 2 litres per minute for 13 days. His 
temperature for the first 14 days was variable, from 96°-99°; subsequently it settled to an 
average of 97°-98°. On the 3rd day a very mild conjunctivitis developed, it was treated 
with guttae penicillin for 48 hrs, and on the 12th day recurred (Staph. aureus). On the 
24th day he inhaled some feed and was treated prophylactically with penicillin 30,000 units 
3-hourly intramuscularly for 24 hrs, followed by Distaquaine 150,000 units twice 
daily for 3 days, to which he rapidly responded. Feeding and diet supplements were 
given according to the usual routine for artificial feeding. 


(2) EYE PROGRESS DURING TREATMENT 


(a) Clinical Picture before Treatment.—The fundus, examined on July 26, 1951 (34th 
day), revealed early retrolental fibroplasia (Fig. 3a, overleaf). The retinal veins were 
very dilated (24 times their normal calibre) and the arteries extremely tortuous. There 
was early localized subretinal oedema in the peripheries along the course of the main 
retinal veins, and the veins here became tortuous and elevated as they crossed the patches 
of oedema. New vessel formation on the retinal surface was present just anterior to the 
patch of oedema. The changes were most marked in the temporal peripheries. 

By the 6th week (August 2, 1951) the condition had progressed, and all the above 
changes had increased. The irides were slightly vascularized and the pupils dilated less 
well with homatropine. 
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(b) Effect of Treatment.—A course of ACTH, 25 mg. daily, was started on August 2, 
1951. After 2 weeks’ treatment (6th-8th week) there was a subsidence in the early signs, 
though the veins remained very dilated. There were still patches of localized oedema in 
the peripheries crossed by tortuous veins, though these patches were smaller than before. 
As the.condition appeared to be under control, treatment was stopped (August 18, 1951). 

(c) Effect of stopping Treatment.—Four days later (August 22, 1951), the condition had 
relapsed in both eyes, more in the left than in the right, and the resulting fundus 
changes in the worse eye at 9 weeks are shown in Fig. 3b. Extensive subretinal oedema 
developed in the whole of the temporal periphery and to a less extent in the rest of the 
peripheral fundus. There was much new vessel formation on this area of oedema, and 
three vitreous vessels started budding in one quadrant. 

(d) Effect of restarting Treatment—On August 22, 1951, treatment was started again 
in the same dosage. During the next few weeks there was a gradual subsidence in the 
signs of active disease. The condition at 10 weeks is shown in Fig. 3c. The subretinal 
oedema had again become localized, and most of the new vessels which had appeared on 
stopping treatment had disappeared again. The three vitreous vessels in one quadrant 
had grown larger. The irides remained slightly vascularized. 

By the 12th week the clinical picture had further improved (Fig. 3d). The retinal veins 
had become of normal calibre. The localized subretinal oedema had disappeared and 
had been replaced by a tangled network of vessels on the retinal surface. The three 
vitreous vessels had grown longer but their base was becoming thinner. The irides were 
now not vascularized and the pupils dilated normally with homatropine. 

As the disease appeared to have passed its period of activity, treatment was stopped, 
and no relapse occurred. The total dose of ACTH given was 1,050 mg. 

By the 4th month the fundi had become completely normal (Fig. 3e), and all trace of 
abnormal vessels had disappeared. The baby, now 6 months old, has normal fundi, ana, 
as far as can be judged, normal vision. 


(3) GENERAL PROGRESS DURING TREATMENT (Fig. 7).—During the first 14 days his 
weight remained almost stationary despite continued normal feeding. During the 
second course of treatment he gained 100z. in 3 weeks and developed considerable 
swelling of the lower face. He remained slightly lethargic and made no developmental 
progress but fed quite well. 

After discontinuation of ACTH more rapid weight gain was observed and the facial 
swelling gradually subsided. Some undue irritability was noticed and a tendency to 
jerky limb movements when he was disturbed. On November 5, 1951, at 18 weeks, he 
was making very good progress, weight 10 Ib. 12 oz., length 23”, head circumference 154’. 
He followed objects with his eyes and head, held his head up well, smiled, and appeared 
alert generally. Appetite, feeding, and face were normal, and there were no further jerky 
movements. 

He was last seen on December 17, 1951, at 6 months; weight was 14 lb. and appearance 
completely normal. He is a bright, very alert infant, reaching out for objects dangled 
in front of him, and appears generally more advanced in development and weight than 
his twin. Blood pressure 80/40. 

This patient’s non-identical female twin, birth weight 3 lb. 4 .0z., has been regularly 
observed but has never shown any abnormality of the eyes. 


Case 4, C. B., female, born July 28, 1951 (Figs 4 and 8) 

(1) GENERAL PROGRESS BEFORE TREATMENT.—This was the thirteenth child born to a 
woman aged 40, blood group was O Rhesus (D) positive, only one of whose other children 
had been premature. She was born after 34 weeks’ pregnancy by vertex delivery in an 
ambulance, no analgesia being given during the labour. On admission to the Premature 
Unit, the child was cyanosed and weighed 3 Ib. 8 oz., length 17”, head circumference 12’. 
She rapidly became oedematous and exhibited marked twitching for the first 48 hrs of 
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Fic. 3.—Case 3 (R.W.), left eye. 


(d) 


Fic. 4.—Case 4 (C.B.), right eye. 
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Fic. 7.—Case 3 (R. W.) Fic. 8.—Case 4 (C. B.) 


life. She was nursed in an oxygen tent with an oxygen flow of 1 to 2 litres per minute 
for 14 days. On the 4th day her temperature rose to 102.6° F. She was then markedly 


jaundiced and developed multiple small pustules on the trunk (Staph. aureus). 
Penicillin 30,000 units 4-hourly intramuscularly was given for 5 days. The child was fed 
by the routine method with breast milk, changing to Frailac on the 14th day, and the 
usual doses of vitamins were given. There was an initial loss in weight of only 3 oz., 
and subsequent progress was very good, so that on the 16th day the child was 4 oz. above 
birth weight. At 20 days, her weight was 3 Ib. 134 0z., haemoglobin 76 per cent., and 


general condition completely satisfactory. 


Q) Eye PRoGRESS DURING TREATMENT 

(a) Clinical Picture before Treatment—On August 16, 1951 (20th day), the fundi were 
normal except for the retinal vessels, which were thinner than normal. On August 30, 
1951 (34th day), early retrolental fibroplasia was present (Fig. 4a). The veins were 
grossly dilated (3 times their normal calibre), and the arteries moderately dilated and very 
tortuous. There was extensive new vessel formation near the disks in the course of the 
retinal veins. In the periphery there were corkscrew tortuosities of the retinal veins and 
increased subretinal oedema. There was also early vascularization of the irides. 

(b) Effect of Treatment—ACTH 20 mg. daily was started and treatment was continued 
for 6 weeks (Sth-11th week); then, owing to a relapse on stopping the drug, it was 
continued for a further 5 weeks, the dosage being gradually reduced to zero in the last 
3 weeks. By the 7th week the new vessels on the retinal surface near the disk had faded, 
but there was an increase in the peripheral changes of tortuosity of the veins and subretinal 
oedema—i.e., the disease appeared to be moving more peripherally. The irides remained 
vascularized. By the 9th week (September 28, 1951), a network of new capillaries had 
formed in the periphery all round in both eyes, being most marked in the upper periphery 
of the right eye (Fig. 4b), where two new vitreous vessels were seen. By the 10th week 
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(October 5, 1951), this network had further increased (Fig. 4c); the two vitreous vessels 
had disappedred, and two vitreous floaters were present (one over the disk, one in the 
periphery). By the 11th week the retinal veins had become normal in calibre in one eye 
and slightly dilated in the other. The active capillary network in the periphery had 
largely disappeared and had been replaced by thin branching retinal veins (Fig. 4d). 
The subretinal oedema, though still present, was much less. One vitreous floater was 
still seen in this area. The irides were not now vascularized. Treatment was then 
stopped after a few days on a reduced dose. 

(c) Effect of stopping Treatment.—Even at this late stage (12th week) there was a 
further dilatation of the retinal vessels and slight new vessel formation on the retinal 
surface. As there appeared to be a recurrence of activity of the disease, treatment was 
restarted on October 19, 1951. 

(d) Effect of restarting Treatment.—A full dose (25 mg./day) was given for a further 
2 weeks and then gradually decreased for a further 3 weeks. The signs gradually subsided 
again; the fundus picture at the 14th week is shown in Fig. 4e. One vein has a white 
sheath, and a new vessel still runs on the retinal surface on its nasal side. The peripheral 
oedema is now replaced by diffuse choroidal thinning and there are some white areas of 
fibrosis in the extreme temporal peripheries (not shown). 

After being off treatment for 6 weeks, the fundus appearances in both eyes remained 
fairly normal, and vision appeared to be normal. 


(3) GENERAL PROGRESS DURING TREATMENT (Fig. 8).—The baby’s general condition 
while on ACTH treatment remained satisfactory for the first 14 days, with fairly good 
gain in weight. Subsequently, despite good appetite and adequate caloric intake, all 
weight gain ceased for 14 days. At this time the typical round puffy cheeks developed 
and the child was less active. There was a good weight gain as soon as the treatment 
was discontinued, but on restarting on October 19 the weight remained stationary once 
more for 10 days until the dosage was reduced. 


On November 1, 1951, towards the end of treatment, the child looked pale and moon- 
faced and seemed lethargic with less response to stimulation than a normal child of her age. 
Her blood pressure was then 260/60. During the next 3 weeks her condition greatly 
improved, she became more alert and active, and started to raise her head up, and by 
November, 28, 1951, when she was discharged from hospital, her condition was good, 
blood pressure 170/60. She was alert and active, weighed 8 lb. 100z., smiled, and 
responded to the spoken voice. Treatment had been given for a period of altogether 
67 days, the total dosage of ACTH being 1,414 mg. When last seen on December 31, 
1951, she weighed 10 Ib. 15 oz., her blood pressure was 100-systolic, and developmental 
progress appeared normal for her age. 


Comment 


(1) ACTH is of no value in established retrolental fibroplasia. This 
point has already been reported from America (McLean and others, 1951; 
Scheie and others, 1951) and is confirmed by this series, 


(2) ACTH appears to be of value if given early in the course of the disease, 
and has checked its development in three out of four cases. The rationale 
of this treatment has been discussed above under “ Aetiology’. Reese and 
Blodi (1951) suggest that a deficiency of adreno-cortical hormone in premature 
infants is due to their being deprived of the normal maternal supply of this 
hormone. It seems likely, however, that there may be some further factor, 
as yet unknown, of an infective, toxic, or other nature, which is the 
immediate cause of the disease. 
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In favour of this further factor is the extremely irregular geographical dis- 

, tribution of the disease. One would expect that a purely hormonal 
deprivation would be evenly distributed throughout the country. There also 
seems to be a seasonal distribution, at any rate in Bristol. In the last 2 years 


cases have occurred in spring and summer only, and ten other babies had 


very dilated veins at the same time of year. 
(3) Whatever the cause, the pathological changes consist essentially in: 


(a) Dilatation of blood-vessels and formation of new vessels in retina, 
vitreous, and iris. 
(b) Subretinal oedema with retinal detachment. 


It is known that in the presence of an inflammatory reaction cortisone 
has the following effects: 


(i) it reduces abnormal capillary permeability in man (Cook and McDonald, 
1951); 
(ii) it reduces cellular exudative phenomena in aqueous and vitreous both ex- 
perimentally in animals (Biegel, 1951), and clinically in man (Duke-Elder, 1951); 
(iii) it inhibits new vessel formation (Duke-Elder and Ashton, 1951). 


Hence ACTH, through its production of cortisone, inhibits the patho- 
logical changes in early retrolental fibroplasia, i.e., it decreases the subretinal 
oedema by decreasing capillary permeability, and it inhibits new vessel 
formation on retina and in vitreous. 

(4) That such changes are reversible in the early stages was clearly shown 
in Cases 1 and 3, where an acute exacerbation of the disease took place as 
soon as treatinent was stopped, and subsequent re-institution of the treatment 
controlled the condition. It may be significant that the only case which 
did not respond to ACTH was the severest and earliest in onset in the series, 
and was also the only one in which the baby’s weight continued to increase 
normally while on the drug. As already mentioned, there was some doubt 
as to the activity of the ACTH which this baby received in the early weeks | 
of treatment. 


Summary 


(1) Fundus changes in four cases of early retrolental fibroplasia are 
described. 


(2) A general clinical description is given of the pregnancy, birth, and post- 
natal development-of these babies, with details of general management. 


(3) The results of treatment with ACTH in eight cases of retrolental fibro- 
plasia are described. 


Four established cases were unaltered. 


Of four early cases, three were checked and now have normal fundi, 
and one was unchecked and went on to develop the disease. 
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(4) It appears that ACTH can be safely given to premature infants. If it 
is given early and in sufficient dosage, it may check the progress of the 
disease and is worth further clinical trial. 


(5) The cause of the disease remains obscure. There may be a deficiency 
of adreno-cortical hormone in these infants as a result of their premature 
birth, but other. factors, toxic or otherwise, may also be involved. 


(6) Routine ophthalmoscopy of all premature infants under 4 Ib. 6 oz. at 
birth from the 10th day of life till the 2nd month at intervals of a week or 
less is advised as the only method of early diagnosis. 


We are indebted to Professor A. V. Neale for his interest in this study. Our thanks are due to 
the Nursing Staffs of the Southmead Premature Baby Unit and the Bristol Eye Hospital, and 
also to the Department of Obstetrics, Southmead Hospital, for the facilities and records made 
available. Supplies of ACTH, received through the Medical Research Council, were made 
available by the United Bristol Hospitals. We are also very grateful to Mr. Louis Ward (in 
receipt of a grant from the Endowment Fund of the United Bristol Hospitals) for the illustrations. 
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MECHANISM OF RETROLENTAL FIBROPLASIA* 


BY 


KAZIMIERZ RUBINSTEIN 
From the Ophthalmic Department, Royal Hospital, Sheffield 


TERRY (1942-48) published the first papers on a peculiar condition occurring 
in the eyes of premature infants, for which he coined the term “ retrolental 
fibroplasia ”’. Since then about one hundred papers on this condition have 
appeared, interest having been aroused amongst paediatricians and 
obstetricians as well as ophthalmologists. Terry’s observations have evoked 
much research, but the exact nature of the condition has not yet been defined. 
The term “ retrolental fibroplasia ” persists as a label, in spite of the many 
attempts to find a better one (Krause, 1946; Reese, 1949; Heath, 1950a), 
and in spite of variations in the conditions described. 

In this paper our present knowledge of retrolental fibroplasia is surveyed, 
with clinical and pathological descriptions of original cases, and a vasculo- 
developmental hypothesis of its aetiology is advanced. 


Clinical Picture 


The condition affects the eyes of premature infants, its incidence rising steeply 
in those whose birth weight is 3 lb. or less. Terry’s original clinical description - 
included : 

retrolental membrane, “‘ foetal blue” iris, posterior synechiae, microphthalmos, 
shallow anterior chamber, visible dentate processes of ciliary body, glaucoma, 
photophobia, blindness. 

Terry was describing old-standing cases, but Owens and Owens (1948; 1949) 
after 5 years of following up all the premature infants in their hospital, described 
the complete course of the disease, thus establishing retrolental fibroplasia as a 
clear-cut clinical entity. They confirmed the occurrence of the condition in 
premature infants—as described by Terry—but disproved his pathological 
conceptions. 

The course of retrolental fibroplasia as described by Owens and Owens and 
later by various other authors, including Kinsey and Chisholm (1951) and 
Unsworth (1948), may be summarized as follows: 


(a) All remnants of the tunica vasculosa lentis disappear shortly after birth. 

(b) The period of normality is from 2 to 3 weeks. 

(c) In the 3rd or 4th week the retinal vessels become tortuous and engorged. This 
change can affect the whole fundus or a single ‘sector of it. 

(d) Small greyish areas of retinal oedema appear in the extreme retinal periphery. 
The rest of the retina may look oedematous. He 
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(e) The vitreous becomes cloudy, mainly in the vicinity of patches of retinal oedema. 
Opaque bands may proliferate into it or haemorrhages may occur. 

(f) Retinal detachments, at first shallow and then gradually deepening and spreading, 
become visible, starting in the affected sectors. 

(g) A membrane encroaches on the posterior surface of the lens, which becomes 
vascularized. 

(h) Posterior synechiae develop. 

(i) The eye stops growing when the membrane is formed. 

(j) The eye enters into the final phase, as described by Terry, about 6 weeks from the 
beginning of the process. 

The-process may become stationary at any stage, or it may regress (Unsworth, 
1948; Heath, 1950a, b, 1951; Owens and Owens, 1948, 1949). The regression 
tends to occur if the process is arrested in the earlier stages. As the descriptions 
of stationary cases are very few, three cases of this character are described below. 





Case Reports 


Case 1.—Ann S., aged 3 years, was referred in August, 1951, to the Eye Clinic, Beckett 
Hospital, Barnsley, on account of a squint in the right eye, which was noticed soon after 
birth. She was a premature baby, born in the 7th month and weighing 3 Ib. at birth. 
Right concomitant convergent strabismus of 25° was found; both eyes were small and 
the right pupil gave a dull grey reflex. She was given ung. atropine 1 per cent. to use 
for 5 days; the left pupil dilated well but the right did not. 

On September 15 the eyes were examined under general anaesthesia: 

Right eye: grey retrolental membrane occluding view of fundus. Irregular vascular- 
ization. Lens clear. Blue, pale iris. Ciliary processes visible. Numerous small 
posterior synechiae all round, better seen between 6 and 9 o’clock. 

Left eye: clear lens and media. Lower retinal vessels normal. Upper temporal 
vessels tortuous and fuller than the rest. One branch coursing towards 12 o’clock is 
elevated from a point about two disk diameters from its entry and forms the peak of a 
tent-like detachment of the retina. The extreme periphery from 11 to 12 o’clock is 
affected by shallow whitish detachment. No haemorrhages. No vitreous haze. No 
remnants of hyaloid system of vessels. 

The child was put on mydriatics and her eyes examined under general anaesthesia on 
two subsequent occasions (the last on December 15, 1951). There has been no change 
in her condition. She can see with the left eye, plays with toys, and greets the sight of 
an ophthalmoscope with fearful screams. 


Case 2.—Anthony L., aged 6 years and 5 months, was referred to the Eye Clinic, 
Beckett Hospital, Barnsley, from the Children’s Welfare Clinic in May, 1950, because 
the mother noticed that he did not follow objects with his eyes. He was 7 weeks 
premature, and born at a time when the mother was entering the menopause. Ophthalmo- 
scopic examination under general anaesthesia was conducted on May 10, 1950, and the 
picture in both eyes was identical: 

Anterior chamber shallow, pupil well dilated with atropine, media clear. There was 
a retinal detachment like an elevated sleeve extending from the optic disk towards the 
temporal periphery. This band had a rugged appearance peripherally and was consider- 
ably elevated (about 8 dioptres). There were a few minute exudative spots in the central 
retina. The calibre of the vessels was normal. No remnants of hyaloid system were seen. 


When the eyes were examined again on August 12, 1950, the right fundus was unchanged, 
and the left showed a large mass extending far forward on the nasal side of the globe. 
Enucleation of the left eye was advised, and was performed the next day; the histo- 


pathologist reported retrolental fibroplasia. 
The right eye has been examined on several occasions since (last examination 
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November 10, 1951) and is still unchanged. The mother states that the child sees 
much better, but there is no fixation. 

Case 3.—Frederick W., aged 17 years, attended the Eye Clinic, Beckett Hospital, 
Barnsley, on May 10, 1950, because of poor sight and left squint. His squint was first 
noticed when 1 year old. He was born prematurely—the mother was unable to state 
in which month—and his weight at birth was 3 Ib. “‘ with clothes on”. He looks infantile, 
is mentally retarded and illiterate, cannot tell the time, and does not know numbers, but 
in spite of that is happily working in the building trade. 

Vision is 6/18 in each eye and he has alternating concomitant strabismus of 10°. The 
pupils dilated well with atropine and the fundi showed a symmetrical picture: 


Disks pale. Vessel entry abnormal, in one perpendicular axis. Folds of detached 
retina streaming down and out from the disks towards the periphery covered the temporo- 
inferior parts of the disks, and involved nearly the whole of the temporo-inferior 
quadrants. No remnants of the hyaloid system of vessels were seen. 


The fundi were examined again on November 10, 1951, when the picture in each eye 
was as follows: 


Areas of retinal detachment much smaller, now look like sleeves and stream down 
from the disks only to mid-periphery. Distally to them are pigmented and atrophic 
patches like those normally seen in a spontaneously re-attached retina. Small vitreous 
floater in the left eye. Vision unchanged. 


These three cases are of interest because they seem to be undoubtedly genuine, 
in spite of being diagnosed at an age later than usual. In Case | the other eye 
shows a typical late picture of retrolental fibroplasia. In Case 2 the pathological 
findings confirmed the real nature of the condition. Case 3 gives an appearance 
identical with Case 5 of the original series of Owens and Owens in spite of the 
difference in the ages of the patients. 


Histopathology 

PREVIOUS STUDIES 

Klien (1941, 1949) observed angioblastic overgrowth of the primary vitreous 
in response to some factor “as yet unknown”, and accepted as most 
significant the association of the retrolental fibroplasia with cutaneous 
haemangiomata (as did Reese and Payne, 1946). She considered the 
condition to be related pathologically to Hippel-Lindau angiomatosis. 

Dixon and Paul (1950) reviewed eleven cases; no remnants of the 
hyaloid system of vessels were seen, nor were there signs of an inflammatory 
process. Detachment involved primarily the pars ciliaris retinae, which 
caused dilatation of the retinal vessels supplying and draining the area. 
Ciliary epithelium accompanied by vessels proliferated thence and formed 
the retrolental membrane, which thus arose from retinal elements. To 
explain the glaucoma frequently affecting these eyes, Dixon and Paul suggested 
that the zonular fibres originating from the pars ciliaris become lax when 
this is detached and allow the lens to be displaced forward, thus blocking the 
angle of the anterior chamber. 

Heath (1950a, b; 1951) called the condition “ retinopathy of prematures ”’. 
He recognized three pathological phases: 

(1) primary retinal disease, 
(2) secondary retinal involvement and vitreous organization, 

(3) ocular atrophy and repair. 

















KAZIMIERZ RUBINSTEIN 





306 


In the first phase, the capillaries at the ora serrata are primarily involved, 
there is retinal oedema and endothelial proliferation. The retina heaps up, 
forming a loop at the ora serrata, but is not completely differentiated there, 
being normal for the age of the foetus elsewhere. There is no cellular 
inflammatory reaction. Heath considers that at this stage the condition is 
probably reversible. 

In the second, phase, leakage at the ora serrata causes the capillaries 
to proliferate. They then grow over the retina and detach it. They also 
proliferate retrolentally to form the membrane. Once the retina is detached 
the vessels return to their normal size. 

The third phase is atypical. Heath realized that only in the early stages 
of the condition will the slide give a typical picture, all separations of the 
retina looking alike later. He did not attach importance to the very anterior 
detachment, as the retinae are inserted much more forward even in normal 
premature infants. 

Wolff (1950a, b) stressed that the retrolental membrane is cyclitic—that is, 
inflammatory. It consists of clear strands, vessels, and proliferating cells of 
the unpigmented layer of ciliary epithelium. Some “ noxious stimulus ” 
acts in early pregnancy and the retina does not become apposited. Subretinal 
fluid, by its irritant action, causes the growth of the cyclitic retrolental 
membrane. The “ noxious stimulus’ would thus have to affect the eyes 
before the third month of gestation, when the clear and pigmented layers of 
the pars ciliaris retinae firmly join. Wolff emphasized that the detachment 
involves the oral and even the ciliary part of the retinal epithelium, whereas a 
detachment caused by—say—pseudoglioma always stops at the ora serrata. 
He therefore suggested that the detachment in retrolental fibroplasia starts 
anteriorly. 

Bembridge and Jackson (1951) described nine cases studied pathologically. 
Their findings conform with those of Wolff. They concluded that the 
picture is one of inflammation of aetiology as yet unknown. 


PRESENT INVESTIGATIONS 


Our pathological material consists of three eyes enucleated ? glioma, of 
which Case 2 (above) supplied one, and the other two were obtained as follows: 


Case 4.—Elsie R., aged 6 months, attended the Eye Clinic, Beckett Hospital, Barnsley. 
She was 7 weeks premature, and presented a typical bilateral picture, as described by 
Terry. Membrane full, no fundus seen, pupils fixed, anterior chambers shallow, no 
glaucoma. 

The right eye was enucleated. This infant has since died from a superior sagittal 


sinus thrombosis. 


Case 5.—Christine W., aged 4 months, was brought to the Eye Out-patient Dept., 
Beckett Hospital, Barnsley, in June, 1949. She was 8 weeks premature. Both eyes 
presented a typical late picture of retrolental fibroplasia, with grey vascularized membranes 
behind the lenses. The left eye was enucleated ? glioma. The pathological report was 
e 
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one of retrolental fibroplasia. The right eye when examined recently (January 8, 1952) 
showed no change. 


All the slides show a fairly uniform picture not different from that 
previously described by various authors. The retinae are completely 
detached and bunched behind the lenses. The detachment goes as far 
forwards as the pars ciliaris retinae. The retinae are in the foetal state and 
show attempts at rosette formation. The retrolental membrane grows from 
the region of the ciliary body, inserting itself between the lens and the retina. 
Posterior synechiae are present in all sections. The choroid is somewhat 
atrophic. There are no remnants of the hyaloid system of vessels. There is 
no evidence of angiomatosis, but some capillary overgrowth is seen anteriorly. 
There are no signs of focal inflammatory reaction. Scattered round cells 
are present in the uveal tract. 


Aetiology 


There are three distinct ways in which various authors approach the 
problem of the aetiology of retrolental fibroplasia. 

The first is that of the obstetrician. The factors influencing the premature 
birth itself, which were carefully considered by many authors including 
Gilger (1949) and King (1950), are the following: 

(a) intra-uterine bleeding, (g) Rh factor, 

(b) age of mother, (A) chronic illness of the mother, 

(c) multiparity, (i) virus infection during pregnancy 
(d) multiple foetus, (e.g., rubella), ® 

(e) sex, (j) toxoplasmosis, 

(f) race, (k) vitamin A deficiency of the mother. 


The factors of intra-uterine bleeding and virus infection received the 
closest attention. However—as Ingalls (1948a, b) pointed out—prematurity 
is connected with late uterine haemorrhages (6 to 7 months) but not with 
early ones (2 to 3 months). Since the fusion of the clear and pigmented 
epithelia of the pars ciliaris retinae (if we accept the idea that retrolental 
fibroplasia is a developmental anomaly) occurs at about the third month of 
intra-uterine life, it is clear that any factor disturbing this fusion would be 
expected to act before that time. The problem of virus infection of the 
pregnant woman as a cause of developmental anomalies of the foetus was 
brought to attention by Gregg (1941) in connection with rubella and is now 
a well-established fact. Toxoplasmic infection as a cause of intra-ocular 
inflammation is also well established. Though cases of retrolental fibroplasia 
have no statistical relation to any infection of the mother, Ingalls thinks that 
late uterine haemorrhage increasing foetal anoxia may be the cause of the 
ocular disturbance. : 

The second approach to the problem is that of the paediatrician. The 
condition does not come to notice before two weeks or more after the birth 
of a premature child, and it may be connected with the problem of rearing 
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such a baby. Terry enumerates the following factors as likely to act 
adversely after birth: 


(a) precocious exposure to light, (f) inability to assimilate vitamins, 


(6) precocious closure of the ductus arteriosus, (g) birth trauma, 
(€) exposure to lower than intra-uterine (h) physiological anaemia of prematurity, 


temperature, (‘) precocious establishment of blood 
(d) lack of maternal endocrine environment, groups, 


(e) precocious rise of blood pressure, (/) intra-ocular inflammation. 


Of these Terry regarded precocious exposure to light as the most important. 
Unsworth (1948) stressed the importance of anaemia or some unknown 
deficient blood factor. Strich (1945) blamed the “ germicidal lamps ” used 
for sterilization of air in many American maternity wards. . 

Owens and Owens (1949) and Appelbaum (1950) stress vitamin E deficiency, 
their reasoning being as follows: 


Premature babies have defective fat metabolism and are usually put on a 
low fat diet, which would mean a smaller intake of fat soluble vitamins 


(A, D, K, and E). The requirements of vitamin E are increased when 
vitamin A or unsaturated fatty acids are administered in excess. Iron, as 
used in combating the anaemia of premature infants, further decreases 
vitamin E in the organism, and as the immature organism is generally more 
susceptible to vitamin E deficiency, this deficiency may be the causative factor. 
Extensive trials were conducted by Owens and Owens in Baltimore and 
some successes are Claimed. 

The third approach to the problem is that of the ophthalmologist. This 
consists in clinical observation correlated with pathological findings. 
However, neither the fundus oculi nor the slide gives a picture which could 
be classed in any of the main pathological groups (inflammation, degeneration, 
anomaly, etc.). 

Clinical observation gives the impression of an active inflammatory 
pr OCESS, but the slide seems to point to some developmental abnormality. 
In fact, all the authors quoted oscillate between these two possibilities. Their 
clinical and pathological observations differ very little; but so far as aetiology 
is concerned they either accept some more or less general developmental 
anomaly, e.g., encephalo-retinal dysplasia (Krause, 1946) or generalized 
haemangiomatosis (Reese, 1949), or presume the operation of an “ unknown 


factor” causing inflammation. None of these theories seems to me satis- 
factory, because none explains both the clinical and the pathological findings. 


Hypothesis of Ischaemic Mechanism of Retrolental Fibroplasia 


A. EMBRYOLOGICAL CONSIDERATIONS 

(1) Intra-Ocular Vessels.—The interior of the human eye is supplied in the 
course of its development by three systems of vessels: the hyaloid system, 
which is transient, and the uveal and retinal systems, which persist into 
adult life. 
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(a) The hyaloid artery buds out from the internal carotid and is the precursor of 


the ophthalmic artery. Its ramifications, the vasa hyaloidea propria and the 
tunica vasculosa lentis, are the sole blood supply of the interior of the optic vesicle 
up to the 100-mm. stage, when a bulbous enlargement appears at the place of 
entry of the hyaloid artery into the eye (at the optic disk). The branches of the 
retinal artery bud out from this bulb and commence the vascularization of a slowly 
increasing territory of the retina round the optic disk. Before this time (at the 
40-mm. stage) the vasa hyaloidea propria reach the peak of their development, 
sprouting into the secondary vitreous from the central vessel and reaching the 
inner wall of the optic vesicle, except for a narrow clear interval at the surface of 
the developing retina. After the 60-mm. stage they rapidly atrophy, but the hyaloid 
artery persists, and lying within Cloquet’s canal it acquires a thick glial-sheath. 
At its distal end the artery breaks into the meshwork of the tunica vasculosa Ientis. 
At the time of the appearance of the tertiary vitreous and the zonula lentis 
(63-mm. stage), the capsulopupillary (lateral) part of the tunica vasculosa lentis is 
well on the way to complete atrophy. It is gradually severed from its anastomosis 
with the ciliary system of vessels by the outgrowth from the rim of the optic vesicle 
which wil) form the framework of the future iris. The posterior part of the tunica 
vasculosa, however, persists much longer. Its persistence depends on the blood 
flow from the hyaloid artery and this only begins to atrophy as late as the 7th month 
of gestation. The tunica vasculosa then starts slowly disintegrating: this process 
is normally finished at birth, but is never finished in the 7th month, as witness the 
observed hyaloid system at birth in premature babies. One cannot help wondering 
what is the significance of this persisting system of vessels, for it is separated from 
the avascular secondary vitreous by a glial sleeve and from the avascular lens by 
the lens capsule. I will return to this question later. 

(b) In the adult eye the retinal system of vessels supplies all the retinal surface, 
as deep as its outer molecular layer. It does not—as a rule—anastomose; its 
terminal branches form loops at the ora serrata whence start the retinal veins. 


The process of developing an independent retinal circulation begins at the 100-mm. 
stage when the retinal arteries sprout from a swelling of the trunk of the hyaloid 


artery at the optic papilla. The diameter vascularized by them increases slowly 
and concentrically round the papilla. These retinal vessels do not reach the ora 


serrata before the 8th month of gestation. This time coincides closely with that 
of the disappearance of the tunica vasculosa lentis and the final involution of the 


hyaloid trunk. 

(c) The uveal system of vessels concerns us here in only a few respects. The long 
ciliary arteries end in the circulus arteriosus major which is completed in the 6th 
month. From it run three sets of branches: large superficial vessels to the pupillary 
membrane, smaller vessels to the iris stroma, and recurrent vessels to the ciliary 
region. These last are the smallest and latest to develop, and do not reach the 
ciliary process—one branch for each processus—before the 8th month of gestation. 


(2) Ora Serrata and Ciliary Region.—The rudiment of the ciliary muscle 
can be seen as a condensation of the associated mesoderm on the outside of 
the rim of the optic vesicle in the 3rd month of gestation. It develops in situ 
and thus remains much posterior to the angle of the anterior chamber until 
the Sth month. On the other hand, as the pars plana and pars ciliaris retinae 
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develop as an epithelial outgrowth from the rim of the optic vesicle, the 


so-called “* insertion” of the ora serrata is situated much more forward in 
the foetus than in the adult. It is in fact inserted at the anterior half of the 
developing ciliary body in the 7th month, and is still at its posterior third in 
the 9th month. At birth (full term) it is just behind it (Mann, 1928, 1935). 
This means that if the retina be stripped of its pigmented epithelium in the 
eye of a 7 months’ foetus, it will leave about half of the ciliary body bare. 


B. MECHANISM of RETROLENTAL FIBROPLASIA 

The late atrophy of the trunk of the hyaloid artery and its anterior meshwork 
of branches—the tunica vasculosa lentis—seems to be connected with the 
nutritional requirements of the anterior portion of the neuro-epithelium of 
the eye. The blood supply of the pars ciliaris and pars plana is at the 
precarious stage in the 7th month of gestation. Starting at its proximal end, 
the hyaloid system begins to atrophy, and less and less blood reaches the 
tunica vasculosa. At the same time the terminals of the retinal artery have 
not yet reached the ora serrata and the ciliary processes underlying this 
epithelium are not yet vascularized from the circulus arteriorus major. 

In norma) circumstances the “ taking over” of the blood supply to this 
region by the definitive system from the foetal system is well synchri onized. 
A premature birth, however, with a consequent precocious failure of hyaloid 
circulation will cause ischaemia of this region followed by oedema. This 
process can occur either all round the circumference of the ora serrata or in 
certain sectors, depending on the regional variation of the vasculature, that 
is on the irregularities of the advancing line of budding retinal capillaries. 
In response to local ischaemia there is an attempt at reaching the ora serrata 
from the retinal system. Local anoxia and the accumulating metabolites 
act as vasodilators and as a stimulus for exuberant budding of the terminal 
capillaries. Angioblastic growth of this nature has been observed patho- 
logically. 

Where the capillaries succeed in vascularizing the area (probably mainly 
depending on the ratio of hyaloid artery atrophy to retinal artery develop- 
ment) the condition may regress. Where they do not succeed the oedema 
progresses into a frank detachment. The subsequent proliferation of the 
cyclitic membrane, mild inflammatory reaction in the uvea, and posterior 
synechiae formation, result from the detachment existing in a developing eye. 

There are three reasons why the premature birth may put this process 
into motion: 


(i) The hyaloid system of vessels closes precociously. This may be caused by 
the establishment of lung circulation and better oxygenation of blood. Similarly, 
another embryological channel—the ductus arteriosus—closes after birth for the 
same reason. 

(ii) The .physiological anaemia of a premature baby and the lower oxygen- 
carrying power of the blood will aggravate the local anoxia of the precariously 
ischaemic region under discussion. 
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(iii) Exposure to light and establishment of pupillary (? accommodative) reactions 
will put additional metabolic stress on the ciliary region, apart from its mechanical 
implications, 

Conclusions 


A. Curmicat.—By this hypothesis the clinical picture of retrolental 
fibroplasia is explained stage by stage: 

(1) Premature birth of the subject: precocious closure of the hyaloid artery, 
anaemia, and precocious exposure to light are super-imposed on the vascular 
arrangements prevailing in the 7th to 8th months of pregnancy. 

(2) Period of normality and disappearance of the hyaloid system before the 
condition is observed: the fibroplasia does not develop as long as the hyaloid 
system of vessels can carry on its function. 

(3) Dilatation and tortuosity of vessels as the first clinical sign of the disease: 
an attempt to establish the circulation of the anterior part of the retina is ¢aused 
by peripheral ischaemia and metabolic breakdown. 

(4) Peripheral patches of retinal oedema and vitreous haze: the accumulating 


metabolites cause the local oedema to involve increasing areas of the retina which 
thus become visible ophthalmoscopically; the vitreous in front of these areas 
is affected secondarily. 

(5) Retinal detachment: the natural consequence of progressing retinal oedema. 

(6) Cyclitic membrane formation: a secondary inflammatory reaction provoked 
by the existence of a detached retina, accumulation of subretinal fluid, and meta- 
bolic failure. The anterior synechiae and mild inflammatory reaction in the uveal 
tract are of the same kind. 

(7) Return of retinal vessels to normal when the detachment is established: 
when the retina degenerates, its metabolism and nutritional requirements drop; 
thus the stimulus for vascularization ceases to exist. 

(8) Microphthalmos: the eye stops growing when the cyclitic membrane is 
formed. 

(9) Regression: this may occur with restoration to normal or as an arrest of 
the process. In the early stages of oedema or shallow detachment, it occurs as a 
result of the successful establishment of circulation by retinal terminals. In the 
later stages, the detached retina can become spontaneously re-attached—a 
phenomenon known to occur in other kinds of Cee The established 


cyclitic membrane, however, cannot regress. 
B. PATHOLOGICAL.—The main pathological features in eyes affected by 
retrolental fibroplasia are: 
very anterior detachment, abnormal structure of the retina, angioblastic 
activity, and cyclitic membrane. 


(1) Every anterior detachment of the retina in a foetus 7 to 8 months old or less 
will involve it at least as far as the anterior half of the ciliary body. As we know, 
that is the normal position of the ora serrata at this stage. 

(2) The structure of the retina does not differ from the normal structure for the 
age of the foetus. The anterior parts degenerate because of ischaemia. The 
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attempt at rosette formation probably occurs when this foetal retina, with its 
still-not-quite differentiated and multipotent cells, becomes detached and 


degenerates. 
(3) Angioblastic overgrowth and the formation of cyclitic, inflammatory 


membrane, as previously accounted for. 


Summary 


The clinical picture of retrolental fibroplasia is described, the pathological 
features are discussed, and the present aetiological conceptions summarized. 

Three new clinical cases of an arrested course of the condition are described, 
and the pathology of three sections is studied. 

An hypothesis of an ischaemic mechanism of retrolental fibroplasia is 
advanced and correlated with the clinical and pathological findings. 


My thanks are due to Mr. E. G. Mackie and Miss E. Hatherley for their encouragement, 
and for permission to publish their cases. 
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COMPARATIVE VALUE OF RADIUM AND DEEP X RAYS 
IN THE TREATMENT OF RETINOBLASTOMA * 


BY 


H. B. STALLARD 
London 


SHOULD retinoblastoma and neuro-epithelioma of the retina be treated by 
radium or by deep x rays ? The statistics, observations, and comments in this 
paper are based on the following five series of patients, three of which were 
treated by radon seeds and radium, and two by deep x rays. 


(1) My own series of 32 patients treated by radon seeds and radium disks 
(1934-51). 

(2) a. Foster Moore’s series of five patients treated by radon seeds (1929-37). 

b. Twenty-one patients treated by other surgeons in Great Britain, Canada, 

Australia, and the U.S.A. 

(3) Christie Hospital and Holt Radium Institute, Manchester, series of eight 
patients treated by radium needles (1935-49). 

(4) Reese’s series of 53 patients treated by deep x rays (193449). 

(5) Windeyer’s series of eleven patients treated by deep x rays (1941-47). 


RADON SEEDS 
A number of ways of attaching radon seeds to the sclera have been devised. 


Foster Moore in 1929 was the first to use radon seeds; he inserted one inter- 
stitially into a retinoblastoma through a stab incision in the sclera, the 
length of which exactly corresponded to the circumference of the radon seed. 
The seed was securely tied to a rubber disk on the sclera at its site of entry. 

This interstitial technique was abandoned in favour of suturing the radon 
seed to the surface of the sclera. A circumferential groove was made in the 
platinum envelope around the centre of the seed to accommodate a fine silk 
suture tied with a surgical knot and having a needle at each end for passage 
through the adjacent sclera. Foster Moore also tried spring clips around 
the waist of the radon seed with diverging teeth to engage in the sclera. 

Joyce (1944) favoured tunnelling the sclera to retain the seed, and Johnston 
(1949) adopted a similar procedure in making a scleral pouch for its retention. 
It is not difficult to make a scleral bridge with two parallel incisions 3 mm. 
apart through half the thickness of the sclera, which is then split between the 
incisions and is lifted to allow the seed to be passed beneath the bridge. The 
seed is thus held in a bridge of sclera. 

Waldmann (1940) fixed the seeds with clips into grooves set in a silver 
plate fashioned to the curvature of the sclera. 





*Received for publication November 28, 1951. 
Second part of the William McKenzie Memorial Lecture, 1951. 
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The use of radon seeds has the disadvantage that the seed rides at a tangent 
to the sclera, and this, together with the fact that it is elongated, effects an 
uneven irradiation which is most intense at the site of fixation and lessens 
where the straight seed is not in direct contact with the sclera. 









Rapium DIsks 

Since the end of 1948, because of the imperfections involved in the use of 
radon seeds, I have used circular radium disks moulded to fit the radius of 
curvature of the sclera exactly, in the belief that these provide a more even 
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Fic. 1a.—Radium disk 5 mm. diameter, with the clips and lugs for its retention 
(Stallard, 1948, Fig. 3). 





irradiation of the neoplasm 
than the cylindrical radon 
seeds. 

These radium disks (Figs | 
and 2) have a platinum casing 
in the form of a segment of a 
spherical shell 1.3 mm. thick, 
the inner radius of curvature 
being 11 mm., the average 
Pang d for the scleral surface in a 
Benes jy young child. The wall thick- 
ness of the platinum case is 
0.5 mm. and the depth of its 
/ d cavity 0.3 mm. 
ay The edge of the disk is 
grooved around its entire cir- 

cumference and it fits closely 
/ into the groove of a curved 
semi-circular clip, where it is 
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Fic. 16.—Section of 5 mm. 
radium disk (Stallard, 1948, -~- 
Fic. 3). 
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Fic. 2.—Dosage distribution from radium disk 10 mm. diameter (Stallard, 1948, 
Fig. 4). 


retained by a silk suture which passes through the holes at the ends of each 
lug and is thence drawn taut in the exposed groove round that part of the 
disk which is not in contact with the semi-circular clip. Two lugs, also curved 
like the disk, project from the clip; these are grooved transversely for the 
retention of the scleral sutures which secure the radium disk and its clip to © 
the eye. The lugs may be of various lengths to facilitate attachment to the 
sclera by sutures. Within the cavity is a central circular disk surrounded after 
a short intervening gap by an annulus, both being made either of asbestos 
paper impregnated with radium salt, or of cobalt which has been placed in an 
intense beam of neutrons in the atomic pile at Harwell. Cobalt 59 captures 
a neutron to become Cobalt 60, which is an unstable atom and disintegrates 
to nickel giving off gamma rays and beta particles. Since cobalt and nickel 
are toxic to tissues, the platinum envelope is sealed hermetically with silver 
solder. This distribution of either the radium or the irradiated cobalt is 
designed to make the dose as uniform as possible at the curved surface of the 
retina. Fig. 2 shows the distribution for a 10-mm. diameter radium disk. 
The 0.5-mm. thick platinum case absorbs alpha and beta radiation so that 
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only gamma rays reach the tissues. Disks from 2 to 20 mm. in diameter are 
used and their radium content ranges from 0.5 to 5mg. The disks in more 
common use are 5mm. diameter with 1 mg. radium, and 10 mm. diameter 
with 2.7 mg. radium. The radium loading has been calculated to give a 
dose of approximately 3,500r in one week (168 hrs) at the apex of the neo- 
plasm. For this purpose the height of the growth has been assumed to be 
7/10 of its diameter. The half life of an irradiated cobalt disk is 5.2 years, 
and in View of this decay rate the dose has to be adjusted at least once a year. 


Series 1 - 

Between 1934-and 1951 I have treated 32 patients, sixteen with radon seeds from 
1934 to 1948, thirteen with radium disks from 1948 to 1951, and three by deep 
x rays and then radium disks. In one case radium disks were applied to both 
eyes, so that the total number of eyes treated to date by this technique is seventeen. 


All three patients who were given deep x rays and then radium were prognostically 
unfavourable, for more than half the retina had already been destroyed by the 
neoplasm and the remainder was detached. The therapeutie intention in these 
advanced cases was to destroy as much of the growth as possible by deep x rays, 
and then to deal with any remaining localized active residue with a radium disk 
in the vain hope that the perception of light which seemed to exist in the detached 
retina would give the child some measure of guiding vision. All these cases 
ultimately failed, necessitating excision of the eye 14-2 years after treatment on 
account of intra-ocular complications. There was a severe vitreous haemorrhage 
and complicated glaucoma in two cases, and in the third there occurred 
endophthalmitis possibly excited by toxins from a mass of cells destroyed by 
irradiation. In two of these cases, however, there was no certain evidence on 
microscopic examination of serial sections that any active retinoblastoma cells 
remained. 

Of the 29 patients (30 eyes) treated by radon seeds and radium disks, 24 have 
some useful vision, and there is no evidence of recurrence in the irradiated eye. 
Seven of these 24 patients are still alive more than 5 years after irradiation, the 
periods of survival being 17 years (one), 16 years (one), 15 years (one), 14 years 
(one), 13 years (two), and 5 years (one). The results are shown in Fig. 3, 
opposite. “ 

Of the five failures, who are all blind but still alive, two have kept their remaining 
irradiated eye with no sign of recurrence (one for 14 years and the other for 
12 years) since the application of radon seeds. In three cases the irradiated eye 
had been excised—because of total detachment in two and vitreous haemorrhage 
and complicated glaucoma in the third. Microscopic examinations of serial 
sections of these eyes showed no clear histological evidence of active retinoblastoma 
cells. Three patients who had the neoplasm in their remaining eye successfully 
treated (one by radon seeds and the other two by a radium disk) and had good 
vision with an unaffected macula and a healthy-looking optic disk, died from a 
recurrence in the orbit of the excised eye, the recurrence having been unsuccessfully 
treated by deep x ray in each case. It is probable that the proper action to take 
in such cases is immediate exenteration followed by deep x-ray treatment. (In 
Reese’s series an orbital recurrence was fatal in every case in which it occurred.) 
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In the successfully irradiated eyes the visual acuity is now: 


6/6 so far as can be judged by illiterate tests ... ten cases. 
6/9 6/6 partly. (Edge of macula scarred.) one case. 
6/24 where the macula was involved in the growth one case. 
with aphakia and perimacular exudates .. one case. 
6/36 where the macula was involved in the growth one case 
ai with neoplasms situated at the macula ... two cases—one also had 
central lens opacities. 
Padtepiide of light ... Sp 4 one case. 

The remaining seven patients, one of whee ra both eyes irradiated, are still 
too young for any reasonable estimate of their vision to be made. One is aphakic 
and seems to have vision better than 6/60. It is remarkable that four patients with 
the scar of the successfully irradiated neoplasm obliterating the papillo-macular 
region have been able to use the nasal part of the retina to read. One boy reads 
J.4 and draws most accurately. 

Complications.—The rea- 

25, 62:87, va) sons for the failures which 

resulted in loss of sight and 

excision of the irradiated eye 

have been given above as 

total retinal detachment, 

no recurrence complicated glaucoma, and 

Tn : severe intra-ocular haemor- 

Bev one rhage. Such complications 

occurred in eyes where more 

than half of the retina was 

destroyed by the neoplasm, 

and where three or more 

large islands of growth were 

Radon seed Deep X ray|Metastases near the optic disk. The 

Radium disk & Radium 'opposite orbit complications in those cases 

Fic. 3.—Results of Series 1. Numerals to the right of first Classified as being successful 

column (successes) indicate survival time in years after with some preservation of 
irradiation. vision were as follows: 


(1) Cataract necessitated the extraction of the lens in three cases. A small opacity about 
1.5 mm. in diameter has remained stationary in the centre of the posterior cortex in 
three cases and at the equator in the upper nasal quadrant in one case. 

In six cases the opacity followed the use of radon seeds and.in one, where a 1.0 mg. 
radium disk was applied between the equator and ora serrata, a small posterior cortical 
opacity has appeared. It is probably still too early to judge whether the incidence of 
irradiation cataract will be affected by the radium disk technique which I have used 
only since the end of 1948. 

In five cases the opacity followed the application of three or four 2 millicurie radon 
seeds, and in one case it occurred after the use of one 2 millicurie seed placed between 
the equator and the macula. 

In the three cases in which the lens became so opaque that discission and curette 
evacuation. were necessary, the radon seeds had been placed just behind the equator; 
in two in which there was a small central posterior cortical opacity, the seeds had been 
sutured to the sclera over the macula. The earliest onset of lens opacification was 
10 months after the application of a 1.0 mg. radium disk, and the longest 11 years and 
6 months after three 1.1 millicurie radon seeds had been applied over the macula. 
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(2) Retinal Exudctes resembling circinate retinopathy were present at and around the 
macula in three patients who had radon seeds applied behind the equator. These exudates 


appeared from 7 months to 9 years after irradiation and have persisted for 11 years. 

(3) Retinal Haemorrhages on a small scale occurred in three cases. In one these 
appeared 3 years and 1 month after irradiation of the macula and have persisted for 
13 years; in another a small retinal haemorrhage occurred adjacent to the optic disk 
1 year after the application of a 2 millicurie radon seed to the macula; in the third a 
haemorrhage over the irradiated papillomacular area appeared when the patient was 
14 years old, 13 years after irradiation. 

(4) White Sheathing of Larger Branches of Retinal Vessels around the optic disk and 
pallor of the disk occurred in two cases after the application of a radium disk behind 
the equator. 

(5) Diffuse Choroidal and Subretinal Haemorrhage.—This occurred 7 months after the 
use of a 2.7 mg. radium disk to irradiate a large mass around the macula and optic disk. 
This haemorrhage absorbed in 3 months. 

Series 2 

(a) Foster Moore.—In the original series of five patients treated between 1929 
and 1937 four have survived (Fig. 4). Two of these have irradiation cataract in 
one eye and sufficient vision despite aphakia and macular scarring in the other to 
enable them to earn a living; two are blind, one from endophthalmitis following 
the interstitial insertion of three 3.18 millicurie radon seeds and the other from 
severe intra-ocular haemorrhage, iridocyclitis, and complicated glaucoma which 
occurred 11 months after successful irradiation. One died of gastro-enteritis 
during post-operative convalescence. 


(b) Other Surgeons.—I have collected 21 other cases reported in the literature, 
but the details of four are un- 


Key fortunately defective and so 
have been excluded from the 
statistics of this series (Fig. 4). 
A variety of techniques was used 
including the insertion of un- 


SE fixed radium needles and radon 


Foster Moore | Other surgeons seeds into the orbit around 


Fic. 4.—Comparative results of Foster Moore and other the site of the intra-ocular 
surgrons Geries 2a and neoplasm, and the external 

application of Columbia paste 
plaques containing radium needles. It is clearly evident that the insertion of 
radium needles into the orbit damaged the eye so considerably that useful vision 
was lost, and that the results of using Columbia paste plaques holding radium 
needles were quite disastrous in every case, since they failed to destroy even small 
islands of retinoblastoma. Of the four patients treated by this Columbia paste 
plaque technique, two died of metastases and two were blinded by dense vascularized 
opacification of the cornea. One child also suffered distortion of the upper lid 
and trichiasis. Two patients who had radium needles inserted around the eye both 
lost the irradiated eye from complicated glaucoma. The tragedy is that in all six 
of these cases the islands of neoplasm were small and should have responded to 


treatment by either a radon seed or a radium disk fixed to the sclera at the 


appropriate site. 


A radio-active tantalum wire doubled to form a rectangular frame was used in 
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one case but there is so far no evidence that the patient has perception of light. 
This case was complicated by iritis, irradiation cataract, and retinal detachment. 

In these as in Foster Moore’s series all the successes were obtained by radon 
seeds (Fig. 4). Of the seven successes, three are still alive 5 years after treatment 
and the vision is from 6/6 to 5/60. 

Of the other four failures, one died from metastases, two became blind from 
total retinal detachment, and one received too much irradiation for the eye to 
retain any useful function. 

Series 3 

At the Christie Hospital and Holt Radium Institute, Manchester, from 1935 to 
1949, the remaining eye of six patients and both eyes of two patients suffering from 
retinoblastoma were treated by the insertion of radium needles through the skin 
of the eyelids posteriorly into the orbit. Here the points converged to make a 
truncated cone with its anterior diameter about 3 cm. and its sides 1.5—4.5 cm. long 
depending on the active length of the needles. In some cases four needles were 
also disposed as a coronal frame in the orbit about the plane of the equator of the 
eyeball (Figs 5 and 6). This distribution of the needles was made regardless of the 
site of the retinoblastoma, which in four instances occupied less than one quadrant 
of the eye and in another case was at the papillomacular area and measured 
6x4.5 mm. The needles were left in place for 7 days in most cases, the least time 


being 4 days’ and the greatest 9 days. 


Fics 5 and 6.—Arrangement of radium needles. 
The following table shows the loading and radio-active lengths of the needles. 


A trial was made of loading 


Length needles 2.5 and 3 cm. long with 


Radium : 
Loading Porm radon seeds of 5 mm. active length 


(me) | = (cm) and 0.37-2.3 millicuries strength, 


placed in the hollow shaft near the 


tip of the needle. The dose used 


for these eight patients varied from 
5,000-7,000r, and four of them 
also had deep x-ray treatment 
directed at the apex of the orbit, 
367—-1,550r being given on one day 


after the removal of the needles. 
Fig. 7 (p. 321) shows the results. 
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Three children have some vision, one of these at the age of 4 is reported as 
having sufficient sight to guide her blind parents about their house; the other 
two have eccentric vision, for in one the macula was destroyed by the neoplasm 
and in the other it was probably damaged by irradiation. This latter patient 
attends a special school. 

Of the five failures, one is blind in both eyes which he has retained, three have had 
their blinded eyes removed (one of these had both eyes irradiated and subsequently 
excised), and one whose eye was reported to be full of retinoblastoma died after 
- an orbital recurrence. 

The causes of failure in five eyes have been severe intra-ocular haemorrhage 
and retinal detachment, and in another patient it is likely that behind the irradiation 
cataract in both eyes there is gross destruction of the retina for there is no 
perception of light in either eye. In four of these cases the neoplasm was small 
enough and was so situated that the visual prognosis should have been good with 
appropriate irradiation applied to the base of the neoplasm. 


Deep X-Ray THERAPY 


There are appreciable technical difficulties in firing a narrow pencil of 
x rays accurately on to the retina of a conscious infant with avoidance of the 
anterior segment of the eye for as many as 28 treatments of 7 to 8 minutes’ 
duration twice a week for 3} months which are necessary in some cases. 
Reese and others (1949) give the warning that vision will be inevitably lost 
from cataract, iridocyclitis, and atrophy of the globe if a small fraction of the 
x-ray dose is given without proper direction of the beam and thus strikes the 
anterior segment of the eye. In fact, if the rays are fired directly through an 
anterior portal in doses of 2,000 to 3,000r, cataract and atrophy of the globe 
invariably follow. Special cones designed to prevent the scatter of rays to 
the anterior segment are not completely successful. Those used by Reese 
are circular, the temporal cone being 2.5 and the nasal 2.0 cm. in diameter. 
Reese and his co-workers recommend a total dose of 8,000r, 400r being 
given at each treatment. Lack of care in aiming the beam which results in a 
deviation of as little as 1 to 2 mm. will cause cataract. It is difficult to ensure 
the absolute immobility of a child’s head held manually, and it seems that 
the margin of safety is even less when using the nasal portal. Indeed Reese 
himself has commented that the great disadvantage of x-ray treatment is the 
very prolonged course, which is really quite an ordeal not only for the 
child but for all concerned. 


Series 4 

In Reese’s series of 53, the skin became depigmented, lost substance, was scarred, 
and showed telangiectases in every case. In eight of the 53, the bone growth of 
the nasal bridge became arrested leaving the child with a saddle-nose, and the 
results of correction by plastic operations were sometimes worse than the original 
deformity. Hollowing of the temporal fossa also occurred through interference 
with bone development. Post-irradiation sarcoma in the temporalis muscle and 
bones of the face occurred in four patients 7 or more years after treatment. Intra- 
ocular haemorrhages came on 5 to 21 months after the end of treatment in nineteen 
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(34.5 per cent.) of Reese’s cases, two % these becoming atrophic and three being 
removed. In eight the haemorrhages recurred and in five they were absorbed. 
Epistaxis from intra-nasal telangiectases occurred in nine patients, and glaucoma 
occurred in nine (16.9 per cent.), its onset being on an average 1 year and 10 months 
after the beginning of treatment. Two patients responded to anti-glaucomatous 
treatment, and seven ended by excision of the globe. 


The favourable and unfavourable conditions are much the same as in treatment 
of retinoblastoma by radon seeds or radium disks. A small flat neoplasm 


occupying less than one quadrant of the globe has a good prognosis. Detached 
fragments of the neoplasm in the vitreous and infiltration of the choroid generally 
signify a poor prognosis on account of wide intra-ocular dissemination. 

There were occasionally good results when half the globe was involved, but such 
may be due to the radio-sensitivity of the neoplasm being greater than usual. 
Infiltration of the choroid was not controllable by x rays. 

The signs of regression after radio-therapy are diminution in the size of the 
neoplasm, increased sharpness of its margin, and the presence of dense white 
chalky areas. In rare instances the neoplasm disappears completely leaving little 
or no ophthalmoscopic trace of its site. Late sequelae are oedema and multiple 
discrete exudates at and around the fovea and macula. 

In nineteen (34.5 per cent.) of Reese’s cases the eye became atrophic and shrank. 
His results suggest that if there is no regression of the retinoblastoma after the 
maximum total dose of 8,000r x 2 in air, then further irradiation will cause blind- 
ness and serve no useful purpose, and in such cases he advises excision of the eye. 

The results in Reese’s series of 53 ae are shown in Fig. 8. 
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In his 5-year survival group there were nineteen patients: 
Visual acuity 20/200 or better (6) 31.6 : - 
a eee te Alive 63.2%. 
Died (7) . Rog ee See 
Series 5 
In Professor Windeyer’s series of eleven children treated by x rays the technique 
differed slightly from that of Reese and his co-workers. The x rays were delivered 
_ through circular fields 2 to 3cm. in diameter and the focal skin distance was 
"30 to 35cm. compared with the 50cm. used by Reese. In addition to lateral 
(temporal) and medial (trans-nasal) fields of fire Windeyer also used superior and 


inferior fields. 
He treated the patients daily with doses of 100-300r in one or two fields; the 


course lasted 3 to 6 weeks and the maximum dose was 4,750r. Successes were 
obtained with tumour doses of 3,300r to 4,400r. Windeyer considers that 3,300r 
is the essential miminum tumour dose. Irradiation cataract occurred in 36.3 per 
cent. and in three instances this happened after doses of 3,000-3,400r. 

Fig. 8 shows that in this series three patients (27.2 per cent.) were still living with 
some vision in the irradiated eye 5 years after treatment, three (27.2 per cent.) had 
died of the disease, and five (45.6 per cent.) had had the irradiated eye excised on 


account of failure to arrest the neoplasm. 

Four (36.3 per cent.) developed irradiation cataract; two of these recovered some 
useful vision after removal of the cataract, but the other two required excision of 
the eye on account of recurrence of the neoplasm, detachment of the retina, and 
iridocyclitis. Retinal detachment was a complication in three (27.2 per cent.), 
and retinal exudates and iritis were present in one case each. 

Thus in Windeyer’s series the successes were 27.2 per cent. and the failures 
72.8 per cent. (27.2 per cent. dead and 45.6 per cent. living but blind). 


FOLLOW-UP 

Whilst small neoplasms under 5 mm. in diameter may disappear within 

3 or 4 weeks after irradiation, with larger growths, when one quadrant or 

more has been affected, it is generally necessary to wait at least 2 months 
before it is possible to assess the maximum effect of irradiation. 

Thereafter the patient is examined at monthly intervals until the age of 

5 years to note the appearance of the irradiated site and to search for any 

islands of retinoblastoma which may have arisen spontaneously elsewhere in 

the fundus; particular care is taken to search the periphery of the fundus 

where a small hemispherical island 1 mm. or so in diameter may appear. 

After 5 years of age recurrences are very rare. 


CONCLUSIONS 

A study of these five series of cases has made it clearly evident that when 
one-third or less of the retina is involved in a retinoblastoma there is reason- 
able hope that the neoplasm may be destroyed by irradiation. With very few 
exceptions the results are bad when one half or more of the retina is already 
destroyed. Retinal detachment is generally present in such cases, and if it 
is not already present will almost certainly occur after irradiation. Later 
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sequelae are severe intra-ocular haemorrhage, iridocyclitis, complicated 
glaucoma, and endophthalmitis. Irradiation often fails when the choroid is 
infiltrated. It would therefore seem advisable in such advanced cases to 
excise the eye with 10mm. of the optic nerve and to give post-operative 
irradiation of the orbit. In no instance in this series was the irradiation of 
such an eye worth while. 

The dose is still empirical. It is a fact that the neoplasm in some patients 
is more radio-sensitive than in others, and I think it is evident that the retino- 
blastoma is' more radio-sensitive than the more highly differentiated neuro- 
epithelioma. It seems that a dose of 2,500-3,500r at the summit of the 
neoplasm and up to 6,000-8,000r at its base is generally effective. 

In my opinion it is desirable to bring the therapeutic artillery as close as 
possible to the target and to hit it hard and quickly with a concentration of 
fire that is known to be both effective and reasonably safe for the eye. To 
achieve this I think that radium disks made to fit the scleral curvature evenly 
are better than radon seeds and the other applicators so far used. This 
technique is preferable to long range shooting by heavy doses from radium 
needles fixed in Columbia paste plaques or from the radium ‘ bomb’, for 
these methods are disastrous for the eye and are often ineffective in destroy- 
ing the neoplasm. The results of different techniques are shown in Fig. 9. 

Although deep x-ray treatment is successful in some cases, where less than 
one-third of the retina is affected by the neoplasm, it has the technical dis- 
advantages of protracted treatment, and the difficulty of maintaining the 
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necessary immobility of a child’s head, and it also produces a higher incidence 
of serious complications than follow the application of either a radium disk 


or a radon seed. 
Fig. 9 demonstrates that the results of treatment by radon seeds and radium 


disks in several series in which the size of the retinoblastoma was fairly 
comparable are appreciably better than those of treatment by deep x rays, 
radium plaques applied externally, and radium needles inserted into the 


orbital tissues around the eye. 
The ethical problem of the preservation of tainted stock with potentiality 


to perpetuate this tragic disease is outside the scope of this work. It is 
hoped that those whom radio-therapy has enabled to survive with some 
useful measure of vision, or indeed without it, will at least have a eugenic 


conscience in this matter. 


I am very grateful to Professor B. W. Windeyer of the Middlesex Hospital, and to 
Dr. Ralston Paterson, Dr. Dobbie, and Dr. Tod of the Christie Hospital and Holt Radium 
Institute, for their kindness in affording me‘facilities to examine their case records and pathological 
material and for their helpful advice. I thank Dr. Algernon B. Reese for his good counsels in 
private communications and for the mass of interesting information to be obtained from his 
papers on the treatment of retinoblastoma by deep x rays. I am much indebted to my old chief 
Mr. Foster Moore with whom I was privileged to be associated in his pioneer work of treating 
retinoblastoma by radon seeds. I thank a number of colleagues who have been kind enough 
to send me their patients for radio-therapy. 

Lastly I thank the William McKenzie Memorial Committee for their kindness in giving me 


permission to publish this lecture. 
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CASE NOTES 


OCULAR PATHOLOGY IN A CASE OF XANTHOMATOUS 
BILIARY CIRRHOSIS WITH INTRA-OCULAR 
INVOLVEMENT * 
BY 
NANCY [LEWIS 
Melbourne, Australia 


IN a previous communication (Lewis, 1950) the ocular findings in a case of 
xanthomatous biliary cirrhosis were described. The continued progress 
of the general disease resulted in the patient’s death in May, 1951, in a 
country hospital in Victoria. The history leading up to the terminal stages 
of the condition is reported in the present paper, together with post- 
mortem and histological findings. 


Case Report 


History.—The last ocular examination was made in January, 1951. At that time the 
patient had gained weight and the xanthomata had cleared from the creases of the hands; 
xanthelasmata of the eyelids were present, and the conjunctivae showed an icteric tinge. 

In the right eye vision was limited to perception of light only; in the left it was 6/9 
with correction. The appearance of the right fundus was as previously described 
(Lewis, 1950). The left fundus appeared normal. 

During the following 4 months the patient remained well, but on the day preceding 
her death she complained of a pain in the ankle. This was followed the next day by a 
sudden attack of acute pulmonary oedema, which failed to respond to the usual treatment. 
Death occurred one hour after admission to hospital. 

Clinically, the patient was jaundiced with a super-imposed cyanotic tinge. 
Xanthelasmata were present on the eyelids. She had small bleeding sores scattered over 
the limbs, and some irregular bruised areas on the limbs and face. She was bleeding 
from the gums and had clotted blood in her nostrils. On auscultation of the chest, loud 
coarse rales obscured all other sounds. The liver was enlarged to the umbilicus. 


Post-Mortem Examination.—The amount of haemorrhage was surprising. There were 
diffuse patches in the lungs, bowel, and kidneys, and haemorrhages in the lymph glands. 
The liver revealed advanced biliary cirrhosis. The intra- and extra-hepatic biliary tracts 
were quite normal and no internal or external obstruction could be demonstrated. 

Histological sections of the abdominal organs were poor, owing to the impossibility 
of early fixation of the material. 


Pathological Report on the Eyes.—Frozen sections of both eyes were made before 
re-embedding in celloidin. 

Sections of the right eye were made in the horizontal meridian. A large mass of 
connective tissue separated the retina from the choroid. In places Bruch’s membrane 
had broken down, and the mass of granulation tissue, which contained fibroblasts varying 
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Fic. 1.—Horizontal section of right eye, showing large mass of connective tissue A, 
separating retina R from choroid C and sclera S. At B is seen the breaking down 
of Bruch’s membrane and the attachment of the granulation tissue to the choroid. 


Fic. 2.—Medium-power view of the mass of tissue A showing typical xanthoma 
cells, granulation tissue, and scattered granules of retinal pigment. 
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from. young to the more attenuated spindle cells, was directly attached to the choroid. 
There was round-cell infiltration of the choroid in these areas, and the pigment from 
the pigment epithelium was scattered through the granulation tissue. On the inner 
aspect it had infiltrated the retina in the vicinity of the vessels. Xanthoma cells were 
present in the retina and the choroid as well as at the periphery of the granulation tissue. 
The centre of the mass was occupied by cholesterin crystals. Frozen sections stained 
with Sudan III gave the characteristic reaction in the retina, choroid, and granulation 
tissue. The sections showed all the changes of primary essential xanthomatosis 
(Thannhauser, 1940). 

Frozen sections of the left eye showed small areas of fatty degeneration in the choroid. 


I am indebted to Dr. Kevin O’Day of Melbourne for the pathological report on the eyes. 
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LEPTOTRICHOSIS CONJUNCTIVAE* 


BY 


FREDERICK RIDLEY AnD CHARLES SMITH 


From the Moorfields, Central and Westminster Eye Hospital 
and the Institute of Ophthalmology, London 


VERHOEFF (1913) first reported that Leptothrix might be found in the con- 
junctival lesions of one type of Parinaud’s conjunctivitis. Since that time 
several reports of this condition have appeared, but in only three of these 
has the organism been cultured; the other cases were diagnosed by the 
demonstration of leptothrix organisms in sections from conjunctival biopsies. 

In the present case it has been possible to demonstrate the organism in 
sections and to cultivate if from the pre-auricular gland. 


Case Report 

History.—The patient, an unmarried dressmaker, aged 38, attended hospital on 
January 18, 1951, complaining of redness with discharge in the left eye for 7 days. She 
had been unsuccessfully treated with penicillin ointment. When her lower lid was drawn 
downwards, an adherent yellowish mucopurulent membrane about 1cm. long and 
6 mm. wide, surrounded by an area of severe chemosis, was seen at the bottom of the 
lower fornix. The ipsilateral pre-auricular lymphatic gland was enlarged. Otherwise the 
eyes were healthy, and the vision in each was 6/6 unaided. 

Clinical Course.—As the condition was penicillin-resistant, 30 per cent. sulphacetamide 
was tried for 4 days, and then after the first bacteriological report gutt. aureomycin 
25 mg./5 ml, After 7 days on gutt. aureomycin the local condition was much improved, 
chemosis was reduced, and the ulcerated area almost healed; the pre-auricular gland, 
however, was larger and since the local condition had responded to aureomycin this 
was now given by mouth, 500 mg. four times daily for 6 days, starting on January 31, 1951. 
The local condition continued to subside, but the pre-auricular gland became fluctuant 
and was aspirated on February 5, 1951, the pus removed being replaced by 5 ml. sterile 
water containing 25 mg. aureomycin. On February 8, 1951, some further 2 ml. pus were 
removed and 25 mg. aureomycin in distilled water injected. From this time the 
pre-auricular swelling subsided, and the indurated rim of tissue which surrounded the 
fluctuating centre appeared to break down from within outwards. The abscess was 
aspirated on February 26, 1951, and again 25 mg. aureomycin were injected into the 
cavity. By March 1, 1951, there was fluctuation, and the pre-auricular swelling dis- 
appeared during the following week. 

Laboratory Investigations.—On January 18, 1951, the patient was referred to the 
laboratory for scrapings, smear, and culture of the conjunctival lesion. Smears showed 
pus and epithelia) cells but no organisms; Ziehl-Neclsen stained films were negative for 
tubercle bacilli. Scrapings stained by Giemsa’s stain showed no intracellular vira) 
inclusions, Aerobic and anaerobic cultures were sterile after 6 days’ incubation. 

A biopsy of the fornix was made on January 23 and histological examination showed 
a mass of acute and chronic inflammatory cells with pockets of suppuration. No virus 
inclusions or tubercle bacilli were found. Wassermann reaction, Kahn test, and gonoc- 
cocca} complement-fixation test were negative, and a full blood count was normal. 

On February 5 pus was aspirated from the pre-auricular gland and smears were again 


* Received for publication February 18, 1952. 
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negative for tubercle bacilli and other organisms. Cultures were sterile after 4 and 6 days, 
despite the presence of 10 per cent. carbon dioxide. 

On February 8 a second specimen of pus was cultured on routine media, and also on 
the serum glucose medium described by Verhoeff and King (1933), in the presence of 
10 per cent. carbon dioxide and in Brewer’s thioglycolate medium. In addition 1 ml. pus 
was injected intramuscularly into two guinea-pigs. 

Cultures on solid media remained sterile but after 18 days’ incubation the cultures in 
Brewer’s medium showed a band of growth at the junction of the aerobic and anaerobic 
zones. Smears from these colonies showed a pleomorphic filamentous bacillus which 
was Gram-positive but readily decolorized. 

Sub-cultures from this medium grew more readily but remained strictly micro-aerophilic. 
Growth could usually be seen in 4 to 5 days; smears from such cultures were more regular, 
and morphologically resembled a long slender diphtheroid—the filamentous and coccoid 
forms of Verhoeff and King (1933) being seen only in old cultures. 

Anaerobic cultures in Hiss’s serum water sugars showed no fermentation of glucose, 
maltose, mannite, lactose, or saccharose; litmus milk was unchanged. 

After the isolation of the organism, the sections of the conjunctival biopsy were 
restained by the technique of Verhoeff (1918); Gram-positive masses similar to those 
described by Verhoeff could be found situated around the necrotic areas. 

Animal Inoculation.—Intramuscular injection of the pus from the pre-auricular gland 
into two guinea-pigs produced a local inflammatory mass 48 hours after inoculation. 

This subsided after 5 days, and the animals remaining well for 3 months, and showed no 
pathological lesions at post mortem. 

Subcutaneous injection of the organisms into a rabbit produced a local inflammation 
lasting 48 hrs. Conjunctival and subconjunctival inoculation caused no pathological lesion. 

Discussion 

This case showed one clinical feature unusual in leptotrichosis, namely, 
suppuration of the pre-auricular gland. In none of the 45 cases reported by 
Verhoeff and King (1933), nor in that from which Wright (1937) isolated the 
organism, was suppuration of the pre-auricular gland found. 

The organism isolated in this case differs from those described by Verhoeff 
and King (1933) and Wright (1937) in its inability to ferment sugars and in 
being more strictly micro-aerophilic. Wherry and Ray (1918), who isolated a 
similar organism from a pre-auricular gland, do not give a sufficiently 


detailed description of the morphological and cultural characteristics for 
comparisons to be made. 


Summary 


A case of leptotrichosis conjunctivae is recorded in which the organism 
was isolated from a suppurating pre-auricular gland. The clinical course 


suggests that the infection was sensitive to aureomycin in large dosage locally. 


We wish to acknowledge that Mr. P. MacGregor Moffatt first suggested that the infection 


might be due to leptotrichosis, and our thanks are also due to Dr. Norman Ashton for his 
histological report on the biopsy from the conjunctiva. 
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POSTAGE STAMPS OF OPHTHALMOLOGICAL 
INTEREST* 


BY 


ARNOLD SORSBY 


London 


PostaGe stamps of ophthalmological interest include portrait figures of two 
practising ophthalmologists, Ferdinand Ritter von Arlt (1812-87) and 
Franz Cornelius Donders (1818-89). Four further portrait figures of 
scientists who have directly or indirectly contributed greatly to ophthalmology 
are shown in the stamps commemorating Johannes Evangelista Purkinje 
(1787-1869), Hermann von Helmholtz (1821-93), Gregor Johann Mendel 
(1822-84), and Ramén y Cajal (1852-1934). Practising ophthalmologists 
who have gained distinction in other spheres of life are commemorated in 
stamps showing Carlos Juan Finlay (1833-1915), a pioneer in the conquest 
of yellow fever; Lazarus Ludwig Zamenhof (1859-1917), the inventor of 
Esperanto; and José Rizal (1861-96), who died in the cause of Philippine 
independence. The XV International Congress of Ophthalmology held in 
Cairo in 1937 was commemorated by a suitable polyglot stamp. 


I am indebted for help and information to Mr. J. W. Bishop and Dr. K. Bruder. 
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CORRESPONDENCE 


SUBCONJUNCTIVAL AB EXTERNO APPROACH 
IN GLAUCOMA 


To the Editors of the BRiTIsH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—In pursuance of Mr. Eugene Wolff’s article on “‘ The Subconjunctival 
ab externo Approach in Glaucoma ” (British Journal of Ophthalmology, 33, 514, 
1949), I feel that the following article published in Poland in 1932 by Dr. Adam 
Zamenhof may be of interest. I was one of his assistants and worked with him 
for many years. In presenting this translation I wish to pay homage to an out- 
standing ophthalmologist who lost his life during the last war. 


Yours faithfully, 


M. I. MANTINBAND. 
37, DUDLEY CouRT, 
UPPER BERKELEY STREET, 
LonpDon, W.1. 
January 11, 1952. - 


SCLEROTOMY AB EXTERNO IN OPERATIONS FOR GLAUCOMA 


By ADAM ZAMENHOF, translated and abridged from Klinika Oczna, 10, 146 (1932) 
by M. I. Mantinband. 


Sclerotomy ab externo, which is carried out more frequently now than in the past, is 
mainly used in cases of glaucoma. 

When the anterior chamber is shallow the incision made by a Graefe knife is difficult 
to perform and the lens may easily be injured. In such cases Elschnig (1928) recommended 
an incision ab externo made by a special knife. Even in cases with a normal anterior 
chamber he used this method to avoid possible damage to the lens and iris. During this 
procedure the outflow of fluid is slower and more gradual, which is a very important 
point because in glaucomatous eyes the sudden change of tension may cause severe 
haemorrhages. Zirm (1925, 1929) and Kapuséinski held the same opinion. Salzmann 
(1930) examined many excised eyes and arrived at the conclusion that the main cause 
of unsuccessful results in iridectomy lay in the damage done to the anterior capsule. 
He tried to incise the sclera above the margin of the cornea; this resulted in the 
prolapse of the iris, so that it was not necessary to enter the anterior chamber with 
instruments. Then he used to seize the iris with forceps and cut it away. Terson 
may be mentioned among the French followers of this method. Weekers (1931) makes a 
perpendicular incision for iridencleisis. 

Experience shows that if the knife is inserted only a little more than 1.25 mm. the 
ciliary body will be injured. This risk is obviated by a special instrument invented by 
Dr. Adam Zamenhof. A Gillette razor blade is encased in an oblong metal frame. 
When both sides of this frame are closed, the edge of the blade protrudes only 1.2 mm. 
and it is thus impossible for the incision to go any deeper. This instrument is very 
cheap to make and the razor blade easy to obtain. 
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(a) (b) 


Ficure.—Drawing of Zamenhof’s sclerotomy knife. (a) Frame open. showing 
position of razor blade. (6b) Frame closed showing instrument ready fo use 
(actual size). ‘ 


Technique 

(1) Akinesia of the orbicularis muscle. 

(2) Local Anaesthesia.—The pupil has to be small, and for this purpose 3 to 4 drops gutt. eserini 
} per cent. should also be instilled. 

(3) Retrobulbar Injection (2 per cent. Novutox plus adrenaline).—This is sometimes required 
to decrease the tension. 

(4) Intramuscular Injection—2 per cent. Novutox plus adrenaline is injected over the belly of 
the superior rectus, through which a black suture is afterwards passed. 


Iridectomy 

The eyeball should be immobilized. The instrument described above must be held 
in the right hand with the sharp edge nearer to the nose. The surface of the knife should 
be perpendicular to the globe. The incision is made at the margin of the cornea, the 
knife being manipulated slowly. In eyes with higher tension we can observe during this 
procedure a slight outflow of fluid. |The instrument must be removed from the wound 
slowly. Sometimes a slight prolapse of the iris occurs, which is desirable in iridectomy 
or iridencleisis. The remaining procedure is as in a classical iridectomy. 


Sclerecto-Iridectomy 


A large conjunctival flap is made. The instrument is held a little obliquely, at an 
angle of 45°, and the episclera is scraped away to the margin of the cornea, where the 
knife is stopped. This is the place which Lagrange called the zone décollable. The 
knife should now be held perpendicular to the surface of the globe, and then the incision, . 
sclerectomy, and iridectomy should be performed. The sclera is cut away with a punch 
before iridectomy, because the iris serves as a protection for the ciliary body. The punch 
must not be introduced deeper than 1 mm. 


During 1931-32, 220 operations were performed with this instrument. In 105 
cases of acute glaucoma, the intra-ocular tension remained normal after iridectomy. 
In chronic glaucoma a permanent filtration (good drainage) and normal tension 
were observed. 
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BOOK REVIEW 


New Viewpoints on the Origin of Squint. By G. B.J. Kerner. 1951. Martinus Nijhoff, 
The Hague. Pp. 222, 14 figs, bibl. (18 guilders; 36s.). 

Impressed by what he considers to be very poor progress towards the solution of the 
problem of squint during the past 50 years, and stimulated by the lack of unanimity in 
the views of the origin and cause of the condition expressed at the Strabismus Symposium 
held in Holland in December, 1943, Dr. Keiner has sought out the many gaps in our 
knowledge of the subject, and by intensive research during the past few years has attempted 
to understand and explain the difficulties encountered by the many workers in this field. 
The results of his efforts are now reported, and it is obvious from a perusal of the text— 
in which the clinical and statistical study of nearly a thousand cases is summarized—that 
he has undertaken his task with great determination. 

To provide a background for his own theories, the author begins with a critical review 
of the hypotheses of a number of other observers, including von Graefe, Worth, Duane, 
and van der Hoeve. The reflex theory of Zeeman is considered in much greater detail, 
as it is upon this foundation stone that Keiner builds up his proposition. 

The major part of the book is devoted to an investigation of the many factors, internal 
and external, which may influence the onset of squint. The author has observed that in 
squinting infants there is an upset of the opto-motor reflexes, and he suggests that this 
disturbance may be due to delayed myelination, localized especially in the occipital lobe, 
and possibly influenced by endocrine factors. As evidence he refers to the work of 
Beauvieux (1926), who described the condition of ‘‘ optic pseudo-atrophy of the 
new-born”. The studies of the factors involved in the development of early squint 
include retinography and a separate examination of the responses of the nasal and 
temporal halves of the retinae respectively to stimulation. A detailed account is given 
of the methods used in carrying out these observations, and a critical assessment of the 
clinical records is presented. 

The author sets out his own views and hypotheses under the two headings of physio- 
logical and pathological features. Here, as we might expect from the elusiveness of real 
data in the study of anatomical and functional factors in the causation of squint, we find 
ourselves in the realm of conjecture, but we are left in no doubt regarding Keiner’s own 
views. It must be with considerable optimism, however, that he states in the concluding 
paragraphs that it is by no means impossible that in future operative treatment will be 
considered only in exceptional cases, surgery being replaced by carefully supervised 
training of the opto-motor reflexes and by the use of the appropriate hormonal stimulants. 

The book is well produced, and the reader cannot fail to be impressed by the 
enthusiasm and application of the author. To present so clearly a subject so beset with 
difficulties, and to do this successfully in a strange language, is in itself an achievement. 


NOTE 
FACULTY OF OPHTHALMOLOGISTS 


AT a meeting of the Council of the Faculty of Ophthalmologists on May 9, 
1952, the following officers were re-elected : 

President: - O.M. Duthie. 

Vice-Presidents: R. C. Davenport, A. B. Nutt. 


Hon. Secretary: J. H. Doggart. 
Treasurer: - E. Gordon Mackie. 
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OBITUARY 
WILLIAM MARTIN MUIRHEAD 


WILLIAM MARTIN MUIRHEAD died quietly in his sleep on March 4, 1952; he died, 
as he would have wished, in harness. It is clear now that he had been anything 


but fit for some months, but, character- 
istically, his reaction was that it would 
pass off and that anyhow it was much 
better to “‘ keep cracking ”’. 

Born in Sheffield and educated at 
Wesley College and Sheffield University, 
he graduated M.B., Ch.B. in 1911. He 
held a resident post at the Sheffield Royal 
Hospital in the Ophthalmic Department 
which, to-day, would be classed as a 
Registrarship. He served in the R.A.M.C. 
from 1916 to 1921, and for a good deal 
of that time was working as an eye 
specialist. On deaving the Army he turned 
seriously to the task of equipping himself 
as an ophthalmologist, and, being the 
meticulous person he was, decided to start 
at the beginning. He held Out-Patient 
and Resident posts at Moorfields, and 
there is no doubt that these were among 
WILLIAM MARTIN MUIRHEAD the happiest days of his life. - Of this 

period Maurice Whiting writes: 

When W. M. Muirhead came to Moorfields as House Surgeon in 1924 after a 
period of war service followed by two years in London Hospitals, he was older and 
a good deal more experienced than the average House Surgeon of those days. This 
might have made him feel the junior position a rather difficult one, but there was 
never any sign of this. He worked with both his senior and junior colleagues with 
the greatest sense of equality and friendliness. I think all the consultant staff found 
him an excellent House Surgeon as well as a delightful: man to work with, and’ 
everyone missed him when he left to take up a consultant appointment. 

He had a great charm of manner and this was not superficial polish, for that was 
alien to his nature, but rather the result of a genuine friendliness shining through. 
At the same time he did not conceal his views even when unfavourable in any way, 
and this was a most satisfactory feature in discussions on matters professional, 
political, or social. His hearers had no doubt of the nature of his opinion and _ this 
element of frankness was an important and attractive part of his character. Many 
of us have kept up our early acquaintance through the passing years and our 
appreciation of his qualities both professional and personal increased with time. 

My latest memory of him is of last year’s visit to Belgium and Northern France, 
when he conducted the party with his usual efficiency, geniality, and delightful 
comradeship. All who were there will cherish this recollection. 


He took the D.O.M.S. of the Royal Colleges in 1927-and shortly afterwards was 
appointed Honorary Ophthalmic Surgeon to the Chesterfield and North Derbyshire 
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Royal Hospital, and oculist to the Chesterfield Education Committee. In 1939 
he was appointed Honorary Ophthalmic Surgeon'to the Rotherham and Worksop 
hospitals. The immense amount of work resulting from these extra appointments 
was made possible only by his partnership with his brother, ““H. C.”, which began 
about that time. It was a remarkable partnership, founded on a deep mutual 
affection, and resulted in an efficient and much appreciated service. 

On the death of Percival Hay in 1943, he was, selected as Secretary of the North 
of England Ophthalmological Society, and in this responsible task his amazing 
capacity for hard work and attention to detail found their proper scope. It would 
be correct to say that this was the activity nearest his heart; in managing its affairs 
he was remarkably successful in preserving harmony and maintaining a proper 
balance between the scientific, the political, and the social. 

All scientific meetings were a joy to him, not only on account of the interesting 
and rare cases which he appreciated so much, but also because such meetings 
helped to bring ophthalmologists together and promote the goodwill which, in 
his view, was the basis of progress and good work. His many activities in 
connection with ophthalmology show how seriously he took his life’s work. 

It was with tremendous zest and happiness that he led Faculty Study Tours 
abroad, and on these tours the real “Bill”, as he was affectionately known to his 
friends, came to life, and one realized to the full his modesty and kindly hospitable 
nature. Of such a man it may be truly said that he lived respected and died 
regretted. Many, at home and abroad, have lost a personal friend, and ophthal- 


mology an influence for harmony and progress difficult to assess. 
A. B. Nutt 


W. M. Murrueap could be deeply moved by the simple attempts of humble, 
practical men to better themselves in any walk of life, and would become very 
indignant indeed if he suspected that any of his protégés was not being given a 
square deal. He had the greatest admiration for men who did things, as opposed 
to those who derived their knowledge second-hand from books and theory. 

His career was profoundly influenced by the exceptionably able group of 
ophthalmologists, mainly Scottish, whom he met in Salonika during the first 
world war. Anderson, Ballantyne, Sinclair, Edgar Smith, and, above all, Usher, 
were frequently quoted as exemplars to be followed in all things, both social and 
technical. It was from these men that he realized, more fully than he had done 
before, the need for a basic training built upon genuine observation and personal 
experience; and so it came about that in the early 1920s he came back to the 
study of anatomy and physiology although by that time he was over thirty years old. 

There is an old proverb— Knowledge directeth practice: but yet practice 
increaseth knowledge *—which aptly summarizes his outlook upon his work. The 
detailed and painstaking establishment of negative findings gave him great 
satisfaction, but added many hours to.the routine work of the day. The older 
generation of staff and residents at Moorfields will recall the meticulous care with 
which his records were kept. This approach stemmed back quite clearly to his 
contacts with Usher and the tradition of the great Victorian clinical observers. 

W. J. B. RIDDELL 





